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“Sometimes it just looks like all people without autism think the same. They 
intuitively know what is meant when being assigned certain tasks like ‘summarize 
this article’, or how to act in certain social situations. I try to remember each and 
every detail of  any social situation I’ve ever been in and then, whenever I am in 
a new situation, all these experiences flip through my head and I try to think of  
what to do and how I should act. It’s exhausting.” - Student with autism (26)
Autism spectrum disorders (ASD) are neurodevelopmental disorders, characterized by persistent 
impairments in social communication and social interaction such as problems in social-emotional 
reciprocity and in developing, maintaining and understanding relationships, and by repetitive 
behaviors and restricted interests (American Psychiatric Association, 2013). These symptoms 
influence daily functioning, well-being and developmental outcome (Baghdadli et al., 2012; 
Billstedt, Gillberg, & Gillberg, 2011; Deserno et al., 2018; Gillespie-Lynch et al., 2012; Lee et 
al., 2008). Previous research shows that better outcomes (for example, in terms of  psychosocial 
health, social/emotional functioning, occupation, friendships and independent living) are as-
sociated with less severe ASD symptoms (Eaves & Ho, 2008; Kuhlthau et al., 2010). It has also 
been shown that, across the lifespan, many individuals with ASD experience a lower quality of  
life (QoL) compared to their peers (van Heijst & Geurts, 2015). Due to the heterogeneity (Jeste 
& Geschwind, 2014) and the developmental trajectory of  ASD (Seltzer et al., 2003), symptoms 
can vary greatly between individuals and across ages for individuals with ASD. It is therefore im-
portant to learn more about the impact of  ASD and ASD related mechanisms on developmental 
outcome for different specific subgroups, like in the rather uncommon situation when autism 
is not associated with Intellectual Disability (ID). While a substantial proportion of  individuals 
with ASD has mild to severe intellectual disability, it is assumed that between 0.8 and 1.9% of  
young adults meet the criteria for ASD without ID (based on findings in the United States by 
White, Ollendick, & Bray, 2011). In our studies we focus on the question whether the impact 
of  autism symptoms is important for QoL even in this group of  young adults without ID. Fac-
tors that are found to be related to poor psychological, social, and adaptive outcomes in adults 
with ASD without concurrent ID include symptom severity are lower childhood intelligence, 
nonverbal learning problems and difficulty in cognitive shifting, and negative thinking styles 
(Zimmerman et al., 2018). According to estimates in the United States, the lifetime recognition 
of  autism spectrum disorder (ASD) is ranging from 1.25% based on 2011-2013 data to 2.24% 
in 2014 (Zablotsky et al., 2015) with 1.70 % as the latest estimate (Centers for Disease and 
Control, 2019). Meanwhile, it is recognized that an increasing number of  students diagnosed 
with ASD enter higher education each year (Gelbar, Smith, & Reichow, 2014; Jackson et al., 2018; 
VanBergeijk, Klin, & Volkmar, 2008; White, Ollendick, & Bray, 2011). However, knowledge of  







with ASD who are intellectually competent for enrollment in higher education is scarce. In the 
current thesis it is attempted to add to the knowledge of  factors that contribute to QoL in young 
adults with ASD in higher education.
Quality of  life
ASD is believed to be associated with high risk for poor QoL. In fact, it appears a more ro-
bust risk factor for poor QoL in adulthood than other serious childhood psychopathologies 
like ADHD, disruptive behavior disorders and affective disorders (Barneveld et al., 2014). QoL 
refers to an individual’s perception of  his or her position in life in the context of  the culture and 
value system, and in relation to one’s goals, expectations, standards and concerns (World Health 
Organization, 1995). A distinction can be made between objective and subjective QoL; living 
situation or an academic degree are examples of  objective indicators and self-reported levels of  
happiness, pleasure and fulfillment are examples of  subjective indicators.
Longitudinal studies have shown that the majority of  individuals with ASD and moderate 
to high intelligence (as indicated by an Intelligence Quotient; IQ) have few close friends and 
a low employment status in adulthood, and that they are relatively dependent on their families 
(Barneveld et al., 2014; Howlin, 2000). While not much is known about the QoL of  young adults 
with ASD in the transition from adolescence to adulthood, there is reason to assume that subjec-
tive QoL is particularly affected. This transition phase has been found to be extra challenging 
across various domains (e.g. socialization, independent daily living skills and academic function-
ing) for individuals with ASD (Adreon & Durocher, 2007; Kapp, Gantman, & Laugeson, 2011). 
In this particular phase of  life it is not only challenging for young adults to successfully move out 
of  their parents’ homes, but it also becomes increasingly important to develop social relation-
ships to support independent life and to become self-sufficient in everyday life. Academically, it 
has been found so far that adolescents with ASD generally have a larger risk of  repeating courses 
and dropping out of  school without a degree in comparison to their typically developing (TD) 
peers (White et al., 2011). However, not much is known about the subjective (e.g. how one feels 
about his or her situation) and objective (e.g. academic progress) QoL of  young adults with ASD 
and average or above general intelligence.
Factors potentially related to QoL in ASD
For students in higher education academic progress is an important marker of  QoL. Obtaining a 
degree in higher education is known to increase employment prospects during life, also in ASD 
(Hart, Grigal, & Weir, 2010; Hurlbutt & Chalmers, 2004; Stodden & Mruzek, 2010). Overall, 
youth with ASD, including those with average or above general intelligence, tend to perform 
more poorly at school than their TD peers (Ashburner, Ziviani, & Rodger, 2008; Troyb et al., 
2014). Therefore, it is important to evaluate academic progress as an objective marker for QoL 













It is expected that self-regulation may be important in determining QoL. Self-regulation can 
be defined as the ability to control emotions, thoughts and behavior through which an individual 
maintains balanced levels of  emotional, motivational, and cognitive arousal that promote positive 
adjustment and adaptation as reflected in positive social relationships, productivity, achievement, 
and a positive sense of  self  (Blair & Diamond, 2008). While it is not explicitly included in the 
diagnostic criteria of  ASD, regulatory dysfunctions in behavior, emotions and thoughts, that are 
supposed to underlie problematic behavior, are often observed in persons with ASD (Barrett et 
al., 2013). Self-regulation difficulties have been reported to be present in children with ASD as 
early as in the first and second year of  life (Gomez & Baird, 2005). In typical development, chil-
dren learn to master effective regulation of  emotions and (social) behavior during interactions 
while growing up. Resulting e.g. in being easily comforted after a nightmare, in caring for others 
when they are hurt, and in initiating play with others. If  adequate self-regulation is hampered, 
this can result in atypical social functioning and social problems. Over the last decades, many 
researchers have begun studying different domains of  cognitive and emotional self-regulation in 
ASD. Self-regulation can be captured with neurobiological, cognitive, and behavioral parameters. 
At a neurobiological level, even before one acts to control emotions or thoughts, basic, pro-
grammed processes take place that focus on homeostasis. These include, for example, a physi-
ological response to stress (increase in heart rate, rise in blood pressure) and activation of  the 
amygdala. At a cognitive level, executive functions and attention are important. At the behavioral 
level, self-regulation failure may result in behavioral problems like aggression outbursts and rigid-
ity. However, because ASD has predominantly been viewed as a developmental disorder, most 
research on self-regulation so far has been conducted in children (Mukaetova-Ladinska et al., 
2012), which has resulted in an ‘adult’-gap in ASD literature and leaves the question unanswered 
whether problems in mechanisms of  emotional and behavioral self-regulation are still related to 
QoL in early adulthood, especially if  IQ is unaffected.
The aim of  the studies reported in this thesis is to learn more about the factors that contribute 
to QoL in students with ASD in higher education. It is hypothesized that both subjective and 
objective QoL are partly associated with neurobiological and neurocognitive mechanisms of  
self-regulation, that are also related to the social adjustment problems in ASD.
executive functioning
In determining which neurocognitive factors of  self-regulation might be related to subjective and 
objective QoL in ASD, the available literature suggests that intelligence and executive functioning 
(EF) are typically strong candidates. EF refers to a broad range of  component processes neces-
sary for the control and execution of  complex behaviors and includes different domains. These 
can be divided into basal regulation functions such as attention, inhibition, working memory 
and cognitive flexibility that are important in regulation of  emotion and thought, and higher 
level/ more complex regulation functions such as planning and problem solving (Anderson, 







important in dealing with complex and challenging situations that ask for adaptive functioning. 
While it has been found that childhood IQ significantly predicts social and adaptive outcomes 
(i.e. social relationships, social service use and adaptive behavior) in individuals with ASD (Farley 
et al., 2009), others have found that poorer planning (and not level of  IQ in itself) is signifi-
cantly related to worse adaptive functioning and the risk for depression in ASD (Wallace et al., 
2016). In children with moderate-to high IQ and ASD it was found that EF predicts emotional 
engagement, and that emotion regulation predicts prosocial peer engagement (Jahromi, Bryce, 
& Swanson, 2013), which in turn could influence QoL. EF subserves successful self-regulation 
(Hofmann, Schmeichel, & Baddeley, 2012) and has been studied extensively in ASD, although to 
a lesser extent in young adults with ASD. A growing body of  research focuses on EF in adults 
with ASD but results are mixed. These inconclusive findings originate from incongruent findings 
across age groups and different samples, which is suggested to be due to the heterogeneity of  
the ASD population. Next to large individual differences in EF in ASD (Pellicano, 2010), age dif-
ferences have been found for specific EFs in ASD (van den Bergh et al., 2014). For children and 
adolescents with ASD, problems with flexibility and planning are considered most characteristic 
of  the EF profile as evaluated by performance tasks (Demetriou et al., 2018; Hill, 2004; Kenwor-
thy et al., 2008). Berger et al. (2003) found that poor cognitive-shifting skills in childhood were 
predictive of  lower social competence in adulthood. In adults, studies employing performance 
tasks show EF impairments related to cognitive flexibility, the ability to generalize, and to spatial 
working memory (Wallace et al., 2016). Studies with informant reports of  daily EF problems 
have shown EF problems in children and adolescents with ASD across all subdomains, with a 
peak difficulty in behavioral flexibility (see for example Granader et al., 2014). EF problems were 
also found for adults when using daily EF informant reports (Wallace et al., 2016).
Despite the steady accumulation of  literature reporting on findings of  EF problems in ASD 
and while significant associations have been found between lower EF (i.e. cognitive shifting skills, 
planning and inhibition) and poorer psychosocial outcomes (Zimmerman et al., 2017) in ASD, 
as far as we know the relation between EF and subjective QoL in ASD has thus far only been 
studied in children (de Vries & Geurts, 2015). De Vries and Geurts found that children with ASD 
showed lower QoL than typical developing children. Lower QoL was related to higher levels of  
EF impairments. It is important to assess whether the same relations can be found in young 
adulthood given the findings that EF impairments in TD children can predict lifelong achieve-
ment (Diamond, 2013) and that adults with attention deficit hyperactivity disorder (ADHD) who 
show better EF enjoy a better QoL (Brown & Landgraf, 2010). Therefore, it is hypothesized 
that EF may be an important factor determining QoL in young adults with ASD, reflected in a 
relation between EF and subjective wellbeing.
Executive functioning and academic progress
Even though more students with ASD seem to enter higher education each year, to our 












ASD in higher education. This is remarkable, since EF development in ASD is often found 
to be hampered and since it has been shown in typical development that performance-based 
EF predicts achievement in academic domains over and above general intellectual functioning 
(Latzman et al., 2009). Tops, Noens, & Baeyes (2014) found a profile of  intelligence and memory 
function that was comparable to TD peers in young adults with ASD and without ID. It was 
noted that group differences appeared mostly on tasks that rely on the integration of  different 
skills and the authors suggested that this originates from problems in cognitive flexibility in 
ASD. Also, Shmulsky et al. (2017) found that young adults with ASD in postsecondary education 
who reported problems with behavioral regulation (self-reported inhibitory control, shifting, 
and emotional control) were more likely to get low grades than students with ASD who reported 
adequate behavioral regulation. Therefore, it is hypothesized that EF may be important not 
only in subjective- but also in objective QoL in ASD, as reflected in a relation between EF and 
academic progress.
emotion regulation
Awareness of  one’s own emotions and the ability to regulate them is a substantial element of  
self-regulation that determines social functioning. Deficits in emotion regulation may result in 
being overwhelmed by emotions, which interferes with competent functioning in social situa-
tions, and may also impair the overall QoL (Adrian et al., 2011; Mennin et al., 2007; Thompson 
et al., 2008). Previous research shows that children with ASD have difficulties regulating their 
emotions (Bachevalier & Loveland, 2006; Loveland, 2005; Mazefsky et al., 2013; Samson et al., 
2015; Zantinge et al., 2017). The studies investigating emotion regulation in ASD have accumu-
lated over the past few years. For example Montgomery et al. (2013) have reported a significant 
positive association between self-reported emotional intelligence and quality of  interpersonal 
relations in ASD. They also showed that individuals with greater emotional intelligence had 
lower social stress, which in turn may impact their QoL. Emotion regulation is a complex and 
multifaceted construct that involves physiological, cognitive and behavioral processes, which 
allow an individual to monitor, evaluate, and modify emotional reactions to accomplish one’s 
goals (Adrian, Zeman, & Veits, 2011; Thompson, Lewis, & Calkins, 2008). The difficulty of  
many individuals with ASD to adequately use adaptive emotion processing strategies in social 
situations is suggested to originate from deviant emotional reactivity, attention abnormalities and 
a lack of  emotional insight needed to modify or control the emotion (Mazefsky et al., 2013). It is 
therefore important to evaluate emotion regulation in relation to daily social functioning in ASD, 
which may help to explain QoL in ASD.
Emotional reactivity
On a neurobiological level, the autonomic nervous system (ANS) plays an important role in emo-
tional arousal regulation. Before an individual (un)consciously acts to control emotion, internal 







a critical evaluation by an audience, self-regulating processes start by automatically activating 
the ANS (Sapolsky, 1998). Activity and changes in activity within the ANS can be measured by 
heart rate (HR), heart rate variability (HRV) and fluctuations in skin conductance level (SCL). In 
times of  stress, heart rate accelerates, sweat glands are activated and SCL increases. HR and SCL 
are therefore indicators of  an individuals’ arousal level, and they are supposed to be low during 
rest. HRV indicates the fluctuation in intervals between heartbeats by measuring activity of  the 
vagus nerve. According to the Polyvagal Theory (Porges, 2007; Porges et al., 2013; Porges, 2001) 
and the Neurovisceral Integration Model (Thayer & Lane, 2000), HRV is a good marker for 
investigating adaptive responses in socially dynamic environments. HR is often used to measure 
arousal or arousal response and SCL is often used as an implicit measure of  attention, and cogni-
tive effort or arousal (Boucsein, 2012; Critchley et al., 2000). As arousal modulates emotional 
processing, social cognition and motivational decision making (Damasio, 1994), HR and SCL are 
important markers to measure behavioral adaptation in socio-emotional contexts.
In response to social stimuli, typical arousal has been demonstrated in adolescents and adults with 
ASD (Trimmer, McDonald, & Rushby, 2017). Also, typical HR and HRV in adults with ASD dur-
ing rest (Smeekens, Didden, & Verhoeven, 2015; Toichi & Kamio, 2003) and in response to social 
tasks was found (Smeekens et al., 2015). However, when the social task was more stressful, blunted 
HR reactivity was seen in adults with ASD (Jansen et al., 2006; Smeekens et al., 2015), indicating a 
decreased physiological response to a stressful situation that might impact behavioral regulation. It 
is therefore considered important to evaluate the predictive value of  emotional reactivity in daily 
social functioning, when examining QoL in young adults with ASD in higher education.
Emotional awareness
Self-awareness of  internal emotional experiences is considered a fundamental prerequisite for 
adequate coping with emotions and for managing associated behavioral consequences and is 
therefore supposed to contribute to QoL. Referring to the level of  registration and labeling 
of  internal emotional states, we call this emotional awareness. Trimmer et al. (2017) measured 
self-reported arousal response and found (not controlled for actual arousal by physiological 
measures) that the ASD group did not differ from the control group in their reported level 
or labeling of  perceived arousal following emotional stimuli. This is in line with Dziobek et al. 
(2008), who found that adults with ASD show no differences in rating their own emotional reac-
tions in response to emotional photos, compared to controls. However, Bölte, Feineis-Matthews, 
& Poustka (2008) reported lower awareness of  arousal in adults with ASD when viewing sad 
stimuli compared to TD controls, which was not reflected in their heart rate (which was equally 
high compared to TD controls), suggesting deviant experience of  emotional arousal in ASD. In 
line with this notion, studies looking at self-reports of  individuals with ASD have found that they 
are generally less able to identify and describe their own emotions (Hill, Berthoz, & Frith, 2004; 
Samson, Huber, & Gross, 2012). Additionally, autism symptom severity has been associated 












Ashwin, & Brosnan, 2014), which is supposed to reflect the failure to adequately orient towards 
socially salient information. This could be framed as reduced social motivation (resulting from 
lower levels of  arousal), another factor that might impact social awareness, which is consistent 
with other studies finding less motivation for social situations in ASD (Chevallier et al., 2012). It 
therefore seems important to evaluate emotional awareness in addition to emotional reactivity to 
social situations to estimate emotion regulation in young adults with ASD.
social attention
Previous research shows that children with ASD experience difficulties in recognition of  facial 
emotions in others, which may partly be due to social attention problems (Gaigg, 2012). This 
atypical attention towards faces resulting in social sensitivity problems in ASD has been found 
to persist into adulthood (Baron-Cohen et al., 2001; Riby & Hancock, 2008) and is also evident 
in individuals with ASD and average or above general intelligence when more sensitive measures 
are used (Fletcher-Watson et al., 2009). Importantly, when more dynamic social stimuli are used, 
i.e. with greater resemblance to real-life interactions, individuals with ASD appear to focus sig-
nificantly more on the mouth, body and objects compared to controls, and significantly less on 
the eye region (Klin et al., 2002), which is considered important in understanding social informa-
tion of  others. Moreover, fewer fixations on the eyes have been correlated to autism symptom 
severity in ASD (Speer et al., 2007). In a review by Chita-Tegmark (2016) it was concluded that 
social content is a significant predictor of  social attention in ASD and that differences with TD 
individuals are larger when the social stimuli are more complex (e.g. more than one person), 
referring to more difficulty in processing of  social essential information in ASD. Therefore, 
social attention is used as a marker of  social sensitivity in our studies.
aims and outline of  this thesis
In Chapter 2 the question whether self-regulation (emotion processing skills and daily execu-
tive functioning) is related to subjective QoL in young adults with ASD in higher education is 
addressed. Self-regulation and subjective QoL were assessed through self-report in a group of  
students with and without ASD who are enrolled in higher education. Research in this specific 
group of  young adults with ASD and average or above general intelligence is scarce, but as low 
QoL and problems in self-regulation have been reported in both children and adults with ASD, 
we hypothesized that the young adults with ASD would report lower subjective QoL and that 
this might be associated to less well developed emotion processing and EF skills than in their 
TD peers.
In the next study (Chapter 3) it was investigated whether EF can predict objective QoL in 
higher education students with ASD in addition to autism symptoms. Academic progress was 
used as an indicator of  objective QoL, and was evaluated 6 months after the EF measurements. 
Both self-reported daily and (cognitive) performance-based EF were assessed. We hypothesized 







Chapter 4 addresses the question whether emotional reactivity, social attention and emotional 
awareness are different in young adults with ASD in higher education, compared to their typically 
developing peers. While many studies show deviant social behavior in individuals with ASD, 
the underlying mechanisms of  socio-emotional information processing are understudied in this 
population of  young adults with ASD and average or above general intelligence. The socio-
emotional environment was simulated by dynamic video clips with highly emotional content. 
Emotional responsiveness was measured with skin conductance reactivity (change from baseline 
to emotional phases) and social attention was measured with eye tracking. Based on previous 
findings, we hypothesized that young adults with ASD would show less social attention and less 
emotional reactivity compared to their TD peers.
The final study (Chapter 5) focuses on whether stress influences emotional reactivity differ-
ently in students with ASD, compared to controls. The contribution of  the autonomic nervous 
system during emotion regulation in ASD was tested by comparing physiological reactivity dur-
ing a stressful social situation (public speaking task) between young adults with and without ASD. 
For emotion regulation during stress, HR, HRV reactivity and self-reported emotional awareness 
were measured. Again, we hypothesized to find less emotional reactivity in young adults with 
ASD, compared to their TD peers.
In Chapter 6, we summarize and discuss our findings, including reflections about future 
research avenues and clinical implications.
All participants in the ASD group were recruited through Stumass. The ‘students with autism 
spectrum disorder’ (Stumass) project was established in 2009 in the Netherlands, to improve 
independent living amongst young adults with ASD enrolled in higher education. Young adults 
who have an ASD diagnosis and who are enrolled in higher education in the Netherlands can 
apply for the program. Once enrolled, young adults can choose to live in a so-called ‘Stumass-
house’ with other students, or receive ambulatory care while they are living (semi) independently 
in the city of  their higher education institution. The students receive guidance in increasing their 
resilience and daily skills that are necessary for an independent life and for finishing their studies. 
All students enrolled in the Stumass program at the time of  the study initiation were invited to 
participate. For the control group, TD peers were recruited through advertisements at higher 
education institutions in two different regions in the Netherlands (North and South Holland). In 
the Netherlands, higher education entails two forms of  tertiary education: university education 
(“WO”: academic orientated) and higher vocational education (“HBO”: practice orientated) and 
participants could therefore either be enrolled in WO or HBO. Students in the Netherlands are 
only admitted to higher education with a diploma of  the highest levels of  secondary education, 
or when having completed the first year of  mid-to-high level tertiary education. For a student to 
advance to these levels of  education they are required to master high levels of  verbal skills and 












As a final note, one will notice throughout this thesis that the terms (young) adults/ students with 
high intelligence and / or with ASD are used interchangeably when referring to the same sample. 
For clarity; the term students is more often used in chapters or parts when the focus is directed 
towards the fact that these young adults are enrolled in higher education and related subjects like 
academic progress or daily functioning in higher education settings are being discussed. The term 
young adults is used when more broad concepts are discussed that might be important in the daily 
lives of  young adults with ASD, for example with reference to the role of  physiological arousal in 
socio-emotional contexts. Finally, the terms moderate-to-high, above-to-high, normal, above average, high 
and higher IQ are used interchangeably when referring to the individuals with average or above 
general intelligence that participated in our studies. Only in Chapter 2 the term high-functioning 
autism spectrum disorder was used. It was decided not to use this term anymore after publication 
of  this first paper, as we found average or above general intelligence a more appropriate term to 
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Chapter 2
Self-regulation and quality of life in young 
adults with autism enrolled in higher 
education
This chapter was published as: Self-regulation and quality of  life in high-functioning 
young adults with autism. Dijkhuis, R. R., Ziermans, T. B., Van Rijn, S., Staal, W. G., & 








Autism is generally associated with poor functional outcome but little is known about predic-
tors of  quality of  life, especially during early adulthood. This study was conducted to assess 
subjective quality of  life during early adulthood in high-functioning autism spectrum disorder 
and its relation with self-regulating abilities. Individuals with high-functioning autism spectrum 
disorder who progressed into post-secondary higher education (N = 75) were compared to a 
typical peer control group (N = 28) based on behavioral self-report questionnaires. The results 
indicated that individuals with high-functioning autism spectrum disorder reported significantly 
lower subjective quality of  life than typical controls (p < 0.001, effect size (d) = 1.84). In addition, 
individuals with high-functioning autism spectrum disorder reported more problems with emo-
tion processing (p < 0.05, effect size (d) = 0.79) and daily executive functioning (p < 0.001, effect 
size (d) = 1.29) than controls. A higher level of  executive functioning problems was related to 
lower quality of  life in the high-functioning autism spectrum disorder group, but no significant 
relation between level of  emotion processing and subjective quality of  life became apparent in 
the regression analysis. Our findings show that even in high-functioning young adults with au-
tism, executive functioning, emotion processing, and subjective quality of  life are low compared 
to typically developing peers. Furthermore, these results emphasize the importance of  targeting 



















Children diagnosed with autism spectrum disorders (ASDs) face uncertain functional outcomes 
in adulthood (Magiati et al., 2013). About 60%–78% of  people with ASD have poor or very poor 
adjustment in terms of  living independently, relationships, and work opportunities in adulthood 
(Billstedt et al., 2005; Burgess and Gutstein, 2007; Eaves and Ho, 2008). There is some evidence 
that higher functioning individuals (IQ > 70) with ASD have a better outcome (Howlin et al., 
2004), although the term “high-functioning autism spectrum disorder” (HFASD) has not been 
used consistently, and the results have been mixed. Longitudinal studies show that a majority of  
adults with HFASD has no close friends and a low employment status and that they are relatively 
dependent on their families (Howlin, 2000).
An important part of  outcome is the general well-being of  individuals, and this is generally 
referred to as quality of  life (QoL). QoL is defined by the World Health Organization (WHO, 
1995) as the individual’s perception of  his or her position in life in the context of  the culture 
and value system and in relation to one’s goals, expectations, standards, and concerns. In a 
recent meta-analysis by Van Heijst and Geurts (2014), the developmental trajectory of  QoL 
was studied, and it was concluded that people with ASD experience lower QoL compared to 
typically developing controls across the lifespan. Despite a growing interest, few studies have 
investigated QoL in the transition phase from adolescence to adulthood. This is remarkable 
since transitioning to adulthood is particularly challenging for individuals with ASD (Adreon 
and Durocher, 2007; Kapp et al., 2011). Not only do young adults move out of  their parents’ 
homes, but it also becomes increasingly important to develop social relationships and become 
self-sufficient in everyday life.
Regarding the assessment of  QoL, a distinction can be made between objective and subjec-
tive QoL. Objective indicators of  QoL in HFASD (i.e. residential setting and attainment of  a 
diploma) have been broadly studied, while few studies have considered subjective indicators 
(i.e. self-reported levels of  happiness, pleasure, and fulfillment; Costanza et al., 2007). This is 
remarkable since knowledge about whether and how happiness in school or self-esteem predicts 
employability or job satisfaction in the future lives of  this intelligent but underemployed group 
of  individuals with autism is very much needed (Levy and Perry, 2011; Shattuck et al., 2012). 
In a study with 100 families with a young adult relative diagnosed with autism in childhood, 
about 91% rated the QoL of  their relative with autism as good or very good. However, the 
majority of  participants required support in the areas of  occupational and recreational activities 
(Billstedt et al., 2011). While studies like these highlight the importance of  assessing objective 
indicators of  QoL in individuals with autism, solely asking objective questions would miss the 
aim of  understanding how the individual evaluates the perceived need. Another reason to ask 
for subjective experience is the important observation by Renty and Roeyers (2006) that QoL is 
more strongly linked to the perception of  the availability of  the support rather than to the effects 







In determining subjective QoL, it is important to use self-reports. Although one might argue 
that people with ASD have difficulties in reporting on their own needs, Shipman et al. (2011) 
found that the self-reports of  QoL in a group of  adolescents with HFASD demonstrated inter-
nal reliability and concurrent validity with parent proxy reports. Moreover, it was found in this 
study that self-reported QoL is lower than the population mean for adolescents with HFASD. 
In a recent study by Barneveld et al. (2014), both objective and subjective QoL in HFASD were 
measured, and it was found that young adults with HFASD were less satisfied with their work 
or education, partner relationship, and future perspective than adults with other disorders, such 
as attention-deficit hyperactivity disorder (ADHD), disruptive behavior disorder, or affective 
disorders. It was concluded that young adults with HFASD are at relative high risk of  poor QoL 
compared to those with other early onset psychiatric and neurodevelopmental disorders.
A number of  studies have attempted to identify predictors of  poor outcome or QoL in in-
dividuals with ASD. In a recent review by Magiati et al. (2013), it was found that IQ and verbal 
abilities are among the strongest predictors of  QoL in individuals with ASD: a positive associa-
tion was reported for childhood IQ with better adaptive functioning and better social outcome 
in adulthood. Others have suggested that quality of  social engagement with peers is a better 
predictor of  adaptive functioning in individuals with ASD than IQ (McGovern and Sigman, 
2005). Children with ASD are known to be less accepted by peers and have fewer reciprocal 
friendships (Chamberlain et al., 2007). This might be explained by difficulties in managing be-
havior and emotions, and this in turn might be due to poor self-regulation skills (Nadel and Muir, 
2005). For positive adjustment and adaptation, one needs optimal self-regulation. Self-regulation 
refers to the cognitive and behavioral processes through which an individual maintains levels of  
emotional, motivational, and cognitive arousal that promote positive adjustment and adaptation, 
as reflected in positive social relationships, productivity, achievement, and a positive sense of  
self  (Blair and Diamond, 2008). Self-regulation difficulties are reported to be present in children 
with ASD as young as 1 year of  age (Gomez and Baird, 2005). Although it is not included in 
diagnostic criteria, regulatory dysfunctions are often observed in persons with ASD (Barrett et 
al., 2013). For the effortful regulation of  attention and behavior, both executive functioning (EF) 
and emotion processing are important components (Blair and Diamond, 2008). In a study by 
Jahromi et al. (2013), it was found that in children with HFASD, EF predicts emotional engage-
ment, and emotion regulation predicts prosocial peer engagement. Moreover, neurobiological 
studies show that self-regulation in ASD is related to dysfunctions in certain brain circuits that 
are associated with social–emotional processing (Bachevalier and Loveland, 2006). Given the 
knowledge that EF and emotion processing are important concepts of  self-regulation that influ-
ence adaptive behavior in children with ASD, we chose to focus on these control processes.
EF subserves successful self-regulation (Hofmann et al., 2012) and has been studied exten-
sively in ASD, although to a lesser extent in young adults with ASD. EF refers to a broad range 
of  component processes necessary for the control and execution of  complex behaviors and 


















cognitive flexibility (Anderson, 2001; Pellicano, 2012). A growing body of  research focuses on 
EF in ASD, but results have been mixed. Next to large individual differences in EF in ASD 
(Pellicano, 2010), age differences have been found for specific EFs in ASD (Van den Bergh et 
al., 2014). Despite the steady accumulation of  the literature on EF in ASD, the relation between 
QoL and EF has thus far only been studied in children with ASD (De Vries and Geurts, 2015). 
De Vries and Geurts (2015) found that children with ASD showed lower QoL than control 
children, and this lower QoL was related to higher levels of  EF deficits. It is important to assess 
whether these same relations can be found in young adulthood given the knowledge that EF 
deficits in typically developing children can predict lifelong achievement (Diamond, 2013). It has 
been found that adults with functional problems who show better EF enjoy a better QoL (Brown 
and Landgraf, 2010).
In addition to EF, awareness of  emotions and ability to regulate them is another important 
element of  self-regulation. Emotion regulation can be defined as the automatic or intentional 
modification of  a person’s emotional state that promotes adaptive or goal-directed behavior (Hill 
et al., 2004). Individuals with ASD have been reported to be at high risk of  alexithymia (Hill et 
al., 2004), which is literally translated as “lacking words for feelings.” The term “alexithymia” 
has been conceptualized for reduced emotion awareness as expressed in a reduced ability to 
identify, experience, verbally describe, and reflect on one’s own emotions (Booth-Butterfield 
and Booth-Butterfield, 1990). In a study by Berthoz and Hill (2005), it was found that adults 
with ASD expose a cognitive form of  alexithymia, meaning that the conscious awareness of  
emotional arousal appeared intact, while the intensity of  emotions accompanying cognitions was 
low compared to controls. The failure of  many individuals with HFASD to use adaptive emotion 
processing strategies is suggested to originate from deviant emotional reactivity and a lack of  
emotional insight needed to modify or control the emotion (Mazefsky et al., 2013).
In this study, we aimed to investigate whether young adults with HFASD experience self-
perceived problems in specific domains of  self-regulation and how these problems may relate 
to their subjective QoL. To limit the potential confounding effects of  verbal skills and IQ on 
these parameters, a sample of  high-functioning subjects with ASD was selected, that is, those 
who had entered higher education after high school. It was assessed whether young adults with 
HFASD report more problems in subjective QoL, emotion processing, and EF compared to 
young adults without HFASD. The second aim of  this study was to test whether levels of  emo-
tion processing and EF could predict QoL in individuals with HFASD. In addition to lower QoL, 
we hypothesized that young adults with HFASD would report lower scores on EF and emotion 
processing than typically developing adults. Finally, it was expected that increased problems with 









The study was approved by the Ethical Board of  the Department of  Education and Child Stud-
ies at Leiden University, the Netherlands. Prior to participation, all participants provided full 
informed consent. A total of  106 participants (76 HFASD, 30 controls) enrolled in Dutch post-
secondary higher education participated in this study. In the HFASD group, one multivariate 
outlier in the control group was excluded from analysis due to very high z-scores on all measures 
(>2.5). Of  the remaining participants in the HFASD group, 55% were enrolled in universities 
and 45% were enrolled in higher vocational education (“HBO” in the Netherlands). Of  the 
participants in the control group, 89% were enrolled in universities and 11% were enrolled in 
higher vocational education. Participants ranged in age from 18 to 28 years (M = 22.12, standard 
deviation (SD) = 2.28). Of  the students in the HFASD group, 67 were males (89%) and 8 were 
females (11%). Of  the students in the control group, 23 were males (82%) and 5 were females 
(18%). Young adults with HFASD were recruited through “Stumass,” an assisted living program 
for young adults with HFASD enrolled in higher education where students with HFASD live 
together with other students in so-called Stumass houses. In these houses, tutors are available 
for planned and unplanned care during weekdays. The goal of  Stumass is to reduce dropout 
rates in education and increase independence among students with HFASD. Young adults can 
only enter the Stumass program when they obtain a clinical diagnosis of  autism, based on full 
agreement between two board-certified psychiatrists. These Diagnostic and Statistical Manual of  
Mental Disorders (DSM) diagnoses were retrieved according to the Diagnostic Statistic Manual criteria 
(customary at the time of  referral) with semi-structured, DSM-focused interviews, observations, 
medical records, and structured questionnaires. Criteria for inclusion were (1) age between 18 
and 28 years and (2) no axis II DSM diagnosis of  mental retardation (IQ < 70) in childhood, and 
for the control group, students from universities and higher vocational education were included 
unless they reported having received a formal psychiatric diagnosis during their lifetime. All 
young adults with HFASD attending the Stumass project at that time (about 200 students) were 
invited to participate in the study, and the students who were willing to participate returned an 
informed consent to the investigators. The questionnaires were bundled and sent to their houses. 
The students in the control group were recruited through mouth-to-mouth advertisement in 
the cities of  Leiden and Amsterdam. After signing the informed consent, the questionnaires 
were sent to their homes with a return folder enclosed. The HFASD individuals participated 
voluntarily, and control participants received a €10 reward voucher after they had returned the 




















Subjective QoL was assessed with a Dutch translation of  the Quality of  Life Questionnaire 
(QoL-Q; Schalock and Keith, 1993). According to Renty and Roeyers (2006), the QoL-Q is a 
reliable and accurate tool for determining subjective QoL in individuals with ASD. The QoL-Q 
has good psychometric properties with a test–retest coefficient of  0.87 and Cronbach’s alpha 
of  0.90 for the total scale (Schalock and Keith, 1993). The questionnaire yields data regarding 
overall QoL with a composite score of  four subscales: satisfaction, competence or productivity, 
empowerment or independence, and social belonging or community integration. Each subscale 
contains 10 items, scored on a 3-point Likert-type scale (1 = very satisfied, 2 = somewhat satisfied, 
and 3 = not satisfied). The competence or productivity subscale was excluded since it consists of  
questions about the job environment, and most young adults in the HFASD group do not have 
paid employment. A total score was calculated based on the subscales satisfaction, empowerment 
or independence, and social belonging or community integration. Higher scores indicate higher 
subjective QoL.
Additionally, a short 7-item questionnaire, with a composite rating on a 5-point scale (1 = very 
dissatisfied and 5 = well satisfied) of  life satisfaction (QoLls) was administered. The questions 
concerned satisfaction about living arrangements, education, physical condition, partner relation-
ship, social relationships, state of  mind (general mood), and future perspectives (life prospects). 
An identical questionnaire has been used by Barneveld et al. (2014) in a large clinical cohort of  
408 Dutch participants. We used exactly the same questions but modified the scale of  the rating 
from a 6-point scale to a 5-point scale. The internal consistency (Cronbach’s alpha) of  the QoLls 
in this study is good, with values of  0.78 for the control group and 0.75 for the autism group.
Current autism traits
ASD symptoms were measured with the Social Responsiveness Scale for Adults (SRS-A; Con-
stantino and Todd, 2005). The SRS consists of  65 questions that map the social shortcomings 
of  the adult. The questionnaire comprises the scales social awareness, social communication, 
social motivation, and autistic mannerisms and gives a total score. The SRS-A subscale scores 
give an index of  severity of  social deficits in the autism spectrum with higher scores indicating 
more ASD traits. Internal consistency was found to be highly acceptable in a German cohort 
with Cronbach’s alpha ranging from 0.71 (typically developing participants) to 0.89 (autism 
participants; Bölte, 2012), and the overall test–retest reliability (Pearson’s r) for the SRS-A was 
found to be 0.64 (Constantino and Todd, 2005).
EF
EF was assessed with the Dutch version of  the Behavior Rating Inventory of  Executive Func-







a self-report developed for adults, and it is composed of  75 items with nine clinical scales 
that measure various aspects of  EF: Inhibit, Shift, Emotional Control, Self-Monitor, Initiate, 
Working Memory, Plan/Organize, Task Monitor, and Organization of  Materials. Raw scores are 
calculated for the clinical scales. Higher scores are indicative of  greater perceived impairment in 
EF. The reliability of  the BRIEF for children has been estimated with a Cronbach’s alpha for 
internal consistency ranging from 0.80 to 0.98. Also, reliability based on test–retest is high for 
both the scales and the indexes (Gioia et al., 2000).
Emotion processing
To assess emotion processing, the Dutch Bermond–Vorst Alexithymia Questionnaire (BVAQ) 
was administered. Alexithymia refers to a dysfunction in emotional awareness (Morera et al., 
2005; Vorst and Bermond, 2001). The questionnaire consists of  40 questions with response 
possibilities on a 5-point scale from “fully applicable” to “entirely not applicable.” The ques-
tions refer to five subscales: the subscales emotionalizing and fantasizing represent an emotional 
component of  alexithymia, and the subscales identifying, analyzing, and verbalizing emotions 
represent a cognitive component of  alexithymia. Higher scores indicate a higher propensity for 
alexithymia. The reliability of  this questionnaire is 0.85, and the questionnaire has proven valid 
in samples of  Dutch students (Vorst and Bermond, 2001).
statistical analyses
All analyses were carried out in IBM SPSS version 22. Differences in QoL, EF, emotion process-
ing, and current autism traits between the HFASD and control group were tested using analysis 
of  variance (ANOVA) with total scores and multivariate ANOVA with the subscales as the 
dependent variables and group as between-subjects factor. Hierarchical regression analyses were 
conducted to examine which independent variables are the best predictors of  subjective QoL in 
the HFASD group. Alpha was set to 0.05, and following Cohen’s (2013) guidelines, effect sizes 
(ESs) for group differences were defined in terms of  small (d = 0.10), medium (d = 0.30), and 
large effects (d = 0.50).
A series of  hierarchical regression analyses were conducted, with the subtotal of  the three 
QoL-Q subscales as the dependent variable. Age and gender were entered in the first step, fol-
lowed by the centered variables of  interest (total EF and emotion processing) in the second step, 
and to control for autism symptoms, this variable was entered backward in the last step. Autism 
symptoms appeared to have no significant impact on the model, so it was excluded from both 
models in the results, and it is not reported in the “Results” section. For emotion processing, a 
significant positive correlation was found between the emotional component of  alexithymia and 
QoL in the HFASD group. The correlation indicates that more problems with the emotional 
component of  alexithymia relate to higher QoL in this group (see Supplementary Table 1). How-
ever, in the control group, no relation was found between these variables. Moreover, there were 


















leave it out of  the regression analysis and to enter only the cognitive component of  emotion 
processing as a predictor of  QoL.
results
Participants
Data were missing in the HFASD group for the QoL-Q (3), the QoLls (3), the BRIEF-A (1), 
and the BVAQ (4), and no data were missing for the control group. These cases were excluded 
pairwise from the analysis. Sample characteristics are reported in Table 1. There were no group 
differences in sex and age. A significant group difference was found in total autism traits between 
the HFASD group and the controls (F = 90.13, p < 0.001), the differences on all subscales of  the 
SRS-A were significant at p < 0.001. Individuals in the HFASD group reported significantly more 
autism symptoms.
Table 1. Group characteristics
HFASD (n =75) TD (n = 28)
Group comparison
t/χ²/F p
Gender, N male (% in group) 67(89) 23(82) χ² = .956 (1) .51
Age in years, M (SD) 21.9 (2.3) 22.7(2.2) t = -1.70 (101) .09
SRS-A total score, M (SD) 65.2 (21.9) 23.6 (12.6) F = 90.13 <.001**
Social awareness, M (SD) 18.2 (7.2) 7.0 (3.7) F = 63.69 <.001**
Social communication, M (SD) 21.6 (7.0) 8.1 (5.3) F = 69.41 <.001**
Social motivation, M (SD) 13.8 (5.5) 5.1 (3.2) F = 61.51 <.001**
Autistic mannerisms, M (SD) 11.6 (5.1) 3.5 (3.4) F = 59.80 <.001**
*p < .05; **p < .001
QoL
Two outliers (one in the HFASD group and one in the control group) were detected for the QoL 
variable retrieved from the QoL-Q, both reflecting low QoL. These outliers were retained since 
the scores were not determined as a result of  recording, entry, or order of  the questionnaires. 
Mean scores and SDs on the subtests of  the QoL-Q are displayed in Figure 1. A multivariate 
significant group difference for the subscales of  subjective QoL was observed, F(3, 96) = 19.20, 
p < 0.001, indicating that young adults with HFASD rate their QoL lower than young adults with-
out HFASD. Subsequent univariate analyses showed differences on all QoL-Q subscales with 
p < 0.001. For total subjective QoL, young adults with HFASD (M = 68.81, SD = 8.19) scored 
significantly lower than controls (M = 81.18, SD = 4.88), F(1, 98) = 56.02, p < 0.001, d = 1.84.
According to the QoLls, HFASD individuals were significantly less satisfied than controls on all 












N = 28 F p d
Living arrangements 4.08 (0.69) 3.89(1.0) 5.01 .365 0.22
Education 3.51 (1.06) 4.04 (0.79) 7.82 .008* -0.57
Physical condition 3.25 (0.96) 3.68 (0.72) 3.82 .036* -0.51
Relationship Partner 3.03 (1.11) 3.75 (1.08) .081 .004* -0.66
Social relationships 3.33 (0.89) 4.36 (0.83) 1.15 <.001** -1.20
State of  mind 3.57 (0.84) 4.21 (0.74) 1.13 .001* -0.81
Future perspective 3.47 (0.90) 4.07 (0.66) 9.59 <.001** -0.76
*p < .05; **p < .001
Emotion processing
Mean scores and SDs for the HFASD (n = 71) and the control group (n = 28) on the subtests of  
the BVAQ are provided in Figure 2. A significant multivariate effect indicated that young adults 
with HFASD reported significantly more problems with emotion processing than controls, F(5, 
92) = 3.37, p < 0.05. Next, univariate analysis revealed significant group differences only for the 
subscales verbalizing and identifying at p < 0.05. The HFASD group (M = 65.90, SD = 15.70) 
overall reported more problems with the cognitive component of  alexithymia than controls 
(M = 54.07, SD = 14.34), F(1, 99) = 11.96, p = 0.001, d = 0.79, but no significant group differences 
were found for the emotional component of  alexithymia.
figure 1. Mean scores on the subscales of  the Quality of  life Questionnaire (QoL-Q). Error bars represent stan-



















figure 2. Means scores on the subscales of  the BVAQ questionnaire in the HFASD and the control group. Er-
ror bars are derived from the individual standard deviations for each group. Higher scores indicate more emotion 
processing problems.
* p <.05; ** p <.001.
Executive Functioning
Mean scores and SDs for the HFASD (n = 74) and the control group (n = 28) on the BRIEF-A 
subscales are provided in Figure 3. A multivariate significant group difference was found for the 
different aspects of  EF, indicating that young adults with HFASD reported more behavioral 
EF problems than controls, F(10, 91) = 5.04, p < 0.001. The differences on all BRIEF subscales 
were significant at p < 0.05, except for the subscales “Inhibit” (p = 0.12) and “Organization of  
Materials” (p = 0.07). For total EF, young adults with HFASD (M = 128.51, SD = 18.65) scored 
significantly higher than controls (M = 105.64, SD = 16.68), F(1, 101) = 32.30, p < 0.001, ES 
(d) = 1.29.
figure 3. Mean scores (mean) on the subscales of  the Brief  Inventory of  Executive Functioning (BRIEF-A). Error 
bars represent standard deviations. Higher scores indicate more EF problems.
* p <.05; ** p <.001.
Predictors of  Quality of  Life in HFASD
The model with BRIEF total score added in the second step was statistically significant in ex-







explained (Table 3). Adding autism symptoms did not improve the regression models, so it was 
excluded as a predictor from both models. In the final model, age and EF were statistically sig-
nificant, with EF recording a higher beta value (β = –0.32, p < 0.05) than age (β = −0.26, p < 0.05). 
The cognitive component of  alexithymia was not a significant predictor (β = –0.20, p = 0.07).
Table 3. Summary of  Hierarchical Regression analysis for variables predicting subjective QoL (N=75)
Predictor variables
Outcome measures
R2 ΔR2 B SE B β
Step 1
Age .13 .13* -1.26* 0.39 -.36
Gender 0.47 2.85 -.02
Step 2
Age .22 .13* -0.92* 0.38 -.26
Gender .97 2.70 .04
Total EF -0.14* 0.05 -.32
Emotion processinga - 0.10 0.06 -.20
Note: Age, total EF and emotion processing were centered at their means
a cognitive component of  the BVAQ.
*p < 0.05
Subsequently, regression analyses were performed to explore individual contributions of  sub-
scales of  EF. The model with subscales of  the BRIEF-A accounted for 38.6% of  the variance in 
subjective QoL (Table 4), F(11, 74) = 3.60, p = 0.001, with significant independent effects of  the 
subscales Shift (β = −0.43, p < 0.05) and Self-Monitor (β = 0.29, p < 0.05). Plotting of  the raw data 






















R2 ΔR2 B SE B β
Step 1
Age .13 .13* -1.26 0.39 -.36
Gender .47 2.85 .02
Step 2
Age .39 .26* -0.77* 0.37 -.22
Gender -2.80 2.98 -.11
Inhibit -.01 0.40 -.01
Shift -1.37* 0.43 -.43
Emotional Control -0.24 0.23 -.13
Self-Monitor 1.14* 0.54 .29
Initiate -0.40 0.44 -.16
Working Memory -0.25 0.40 -.09
Plan/Organize 0.07 0.47 .03
Task Monitor 0.20 0.49 .05
Organization of  Materials -0.20 0.34 .03
Note: Age, Inhibit, Shift, Emotional Control, Self-Monitor, Initiate, Working Memory, Plan/Organize, Task Moni-
tor and Organization of  materials were centered at their means
*p < .05; **p < .001
dIsCussIon
This study investigated QoL, EF, and emotion processing in a sample of  young adults with 
HFASD enrolled in post-secondary higher education. Our findings confirmed that these individ-
uals experience a greatly reduced subjective QoL compared to typically developing peers. They 
reported to be less content in important qualitative aspects of  their lives, such as their physical 
condition, relationships, and state of  mind. In addition, individuals with HFASD reported more 
problems in self-regulating skills (i.e. EF and emotion processing). Of  these two skills, only EF 
was a significant predictor of  subjective QoL in HFASD, such that more problems in daily EF 
were related to a lower QoL.
Several conclusions can be drawn from our study. The finding that subjective QoL is lower 
for young adults with HFASD than for controls is in line with previous claims that QoL in ASD 
is impaired across the lifespan (Van Heijst and Geurts, 2014). This highlights the fact that ASD 
is a neurodevelopmental condition with profound effects on QoL, even in those individuals 
who are high functioning. Furthermore, the findings concerning impaired emotion processing 
in young adults with HFASD are consistent with earlier studies (Berthoz and Hill, 2005; Hill et 
al., 2004) suggesting that adults with ASD often show a specific form of  alexithymia charac-







Bermond’s type II alexithymia: a normal to high degree of  conscious awareness of  emotional 
arousal, accompanied by fewer cognitions about the emotional arousal (Vorst and Bermond, 
2001). The findings in this study suggest that young adults with HFASD may process emotions 
in an idiosyncratic manner. This is in line with the suggestion by Hill et al. (2004) that potential 
problems with mentalizing or an underlying theory of  mind deficit may lead individuals with 
ASD to focus more on external events rather than formulating and thinking about their inner 
emotional experiences. We believe that these impairments in the cognitive domain of  emotion 
processing may have an important influence on social engagement. Not being able to comment 
once own feelings might lead to less positive social interactions, which in turn prevents learning 
from social environments due to lack of  experience with the social world (Pelphrey et al., 2011). 
In order to further understand underlying mechanisms of  difficulties in social engagement, we 
think that studying the role of  autonomic nervous system in regulation of  arousal is a promising 
direction.
With respect to EF, we found that young adults with HFASD report more difficulties in most 
aspects of  behavioral EF (e.g. planning, working memory, and cognitive flexibility), but no dif-
ferences were found for inhibition between the autism group and typically developing peers. In 
earlier studies using procedural EF tasks, such as the Stroop or Go or No Go task, mixed results 
were found for inhibition in ASD (Hill, 2004), and it appears that response inhibition is intact in 
HFASD because of  the use of  compensatory mechanisms (O’Hearn et al., 2008). Conjointly, we 
conclude from these findings that individuals with HFASD appear to experience fewer problems 
in inhibitory behaviors, relative to other daily EF-related demands.
Regarding the predictive capacity of  self-regulation skills for subjective QoL, we found that 
more problems with EF, but not poor emotion processing skills, predicted lower subjective QoL 
in young adults with HFASD. This association between EF and QoL corroborates previous 
findings in children with ASD (De Vries and Geurts, 2015). By zooming in on different aspects 
of  daily EF, we were able to detect two function-specific correlations with subjective QoL. First, 
increased problems with flexibility significantly predicted lower subjective QoL. Earlier cognitive 
behavioral studies with tasks such as the Wisconsin Card Sorting Task to measure flexibility 
in children with ASD have shown incongruent results, with some reporting deficits in cogni-
tive flexibility (Hill, 2004; Kenworthy et al., 2005). However, these deficits seem primarily task 
dependent and not related to everyday inflexible behaviors (Geurts et al., 2009). The finding 
of  impaired QoL in relationship to reduced flexibility in this study seems to correspond with 
the often reported difficulties of  young adults with ASD, for example, in school interactions 
with peers and teachers in dynamic classroom situations. Feeling that you cannot keep up with 
these requirements in young adulthood may have a significant impact on the experienced self-
confidence, feelings of  competence, and satisfaction. Second, the other significant aspect of  EF 
as a predictor of  QoL in the HFASD group is self-evaluation. This subscale of  the BRIEF-A 
measures awareness of  one’s own social behavior and the potential effect on other people. From 


















tive QoL. Hence, problems with flexibility, behavioral monitoring, and restricted awareness of  
the consequences of  one’s own behavior for others lead to lower QoL in young adults with 
HFASD. The cognitive component of  alexithymia did not significantly predict subjective QoL in 
HFASD, but there was a statistical trend in the expected direction, that is, that fewer cognitions 
about emotional arousal lead to lower subjective QoL in HFASD. However, according to our 
results, EF deficits may play a more prominent role in explaining subjective QoL. This is in line 
with a study done by Jahromi et al. (2013) where the researchers concluded that executive func-
tion explained differences in emotion regulation beyond the contribution of  other self-regulation 
components in children with HFASD.
An unexpected finding in this study was the negative relationship between age and subjec-
tive QoL in the autism group. In a large study on health-related QoL, Kuhltau et al. (2010) 
found a negative relationship between age and QoL in children (2- to 17-year-olds) with ASD. In 
contrast, a recent meta-analysis by Van Heijst and Geurts (2014) reported that age did not have 
an effect on QoL in ASD. An explanation for this might be that the questionnaire for subjective 
QoL (QoL-Q) used in this study is different from the World Health Organization Quality of  Life 
(WHOQOL)–BRIEF version used in other studies concerning QoL in young adults with ASD 
(Jennes-Coussens et al., 2006; Kamio et al., 2012; Kamp-Becker et al., 2010). The WHOQOL 
aims to measure health-related QoL and not subjective QoL like the QoL-Q. Additionally, nega-
tive relationships with age were also observed in this study for EF and emotion processing. We 
speculate that these findings may reflect an increasing awareness of  subjective (dis-)functioning 
with age during young adulthood. As such, this study highlights a potential developmental impact 
of  impaired self-regulation due to ASD symptoms and the importance of  interventions for 
children and adolescents with ASD.
Interestingly, young adults with HFASD showed higher satisfaction in living arrangements 
compared to the control group. An explanation might be that the living circumstances of  the 
Stumass houses provide the young adults with HFASD a safe, controllable environment that 
makes them value this part of  their lives more positive than controls do. The Stumass houses 
provide tutors to support living needs, and the buildings are chosen or adapted to take into ac-
count common autism traits such as oversensitivity and need for functionality. In line with results 
of  earlier research into support for individuals with ASD (Kamp-Becker et al., 2010; Renty and 
Roeyers, 2006), we emphasize the importance for individuals with ASD to live in an environment 
where support is readily available.
This study has some important limitations. The use of  only self-report may be a double-edged 
sword. While it provides a unique insight in the personal view of  young adults with ASD on their 
functioning and QoL, it is also known that individuals with ASD have difficulties in verbalizing 
their own feelings. Specifically, for emotion processing, self-report might not be an optimal way 
to gather data in an autism sample. Also, the fact that all measures were filled out by the same 
person increases the chance to find relations between measures. Second, verbal abilities and IQ 







to higher education with a diploma of  the highest levels of  secondary education or to have com-
pleted the first year of  mid- to high-level tertiary education. For a student to advance to these 
levels of  education they are required to master high levels of  verbal skills and generally assumed 
to have above-to-high IQ. Another limitation is that only two potential important predictors of  
QoL or aspects of  self-regulation in young adults with HFASD were studied. Other factors such 
as temperament, presence of  comorbidities, or academic success may be equally impaired and 
influence overall QoL. However, measuring all these factors requires a much larger number of  
subjects to provide meaningful and replicable results.
To further understand self-regulation in ASD, there are promising new insights from stud-
ies investigating underlying neurobiological mechanisms. For example, evidence from pediatric 
samples suggests that cardiac response and regulation in social–emotional situations in ASD may 
deviate from children with mental disabilities, psychiatric disorders, and normal controls (Corona 
et al., 1998; Porges, 2003; Vaughan Van Hecke et al., 2009). The aberrant physiological reactions 
in individuals with ASD could lead to inadequate behavioral reactions or coping mechanisms. 
These and other findings await further replication in high-functioning and adult samples to 
indicate whether such fundamental disturbances affect self-regulating behavior across the autism 
spectrum and the lifespan. The current findings provide additional rationale to follow this lead.
To conclude, this study of  young adults with HFASD adds to the growing body of  evidence 
that QoL is impaired throughout the entire lifespan in ASD, even in individuals with high IQ 
and educational attainment. Based on our findings that EF deficits can predict level of  subjective 
QoL, early personalized treatment initiatives are recommended to target EF skills to improve 
QoL for individuals with HFASD. Neurofeedback treatment has shown improvements in execu-
tive control in children with ADHD (Coben et al., 2010) and ASD (Kouijzer et al., 2009). Specifi-
cally, for improving cognitive flexibility in individuals with ASD, virtual reality training seems a 
promising new option (Parsons and Mitchell, 2002). For thinking and talking about emotions, 
emotion regulation training such as cognitive behavioral therapy (CBT) could be useful (Scarpa 
and Reyes, 2011). Future clinical initiatives should focus on EF and emotion processing in order 
to improve QoL in ASD. This may help in the development of  specific training in EF and forms 
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Chapter 3
Autism symptoms, executive functioning 
and academic progress in higher education 
students
This chapter was published as: Autism symptoms, executive functioning and academic 
progress in higher education students. Dijkhuis, R., de Sonneville, L., Ziermans, T., Staal, 








Many students with Autism Spectrum Disorders (ASDs) attending higher education drop out 
prematurely. The predictive value of  self-reported daily executive functioning (EF) and (cogni-
tive) performance-based EF (mental flexibility and working memory ) for academic progress was 
evaluated in fifty-three young adults with ASD (Mage = 22.5, SD = 2.4, 72% male). Regression 
analyses showed that autism symptom severity explained 12% of  variance in academic progress, 
which was raised to 36% by adding self-reported daily EF, and to 25% by adding performance-
based EF. It is suggested that EF is a candidate marker for academic progress in higher education 
























According to estimates in the United States, the lifetime prevalence of  autism spectrum disorder 
(ASD) ranges between 1.25% based on 2011-2013 data to 2.24% in 2014 (Zablotsky et al., 2015) 
with 1.70% as the latest estimate (Centers for Disease and Control, 2019). Nowadays, individuals 
with ASD with moderate to high intelligence are likely to follow postsecondary education includ-
ing college and university programs. Based on findings in the USA it is assumed that between 0.7 
to 1.9% of  young adults without concurrent intellectual disability meet criteria for autism (White 
et al., 2011), and numbers are reported to be increasing (Hillier et al., 2018) in the US with 46% 
since 2000 (Shmulsky et al., 2017). As students in higher education are not required to inform 
the institute about their diagnosis, exact numbers of  students with autism in higher education are 
not available. While many individuals with ASD are able to cope with the intellectual demands 
of  college, they might possibly struggle with other factors that are critical for academic success; 
for example limited interpersonal competence, problems with social relationships, problems with 
executive functioning, poor emotional regulation and comorbid psychopathology, such as high 
levels of  stress and anxiety (Alverson et al., 2019; Glennon 2001; Van Hees et al., 2015; White et 
al., 2016). Earlier studies indeed demonstrate that students with autism in higher education show 
an increased incidence of  repeating courses and dropping out without a degree in comparison 
to their typically developing peers (e.g. White et al., 2011). Also, Mawhood and Howlin (1999) 
noted that while many children with autism successfully complete mainstream education, their 
employment levels in adulthood are disappointing. Especially for more intelligent individuals 
with ASD, it might be extra important to maintain academic progress and to obtain an university 
diploma as this will facilitate getting a job at a level where they can use their skills and work in an 
environment where they are amongst like-minded individuals. Many studies have focused on the 
needs of  adolescents and young adults with autism in the transition from high school to higher 
education, underlining the need of  a carefully planned transition, appropriate accommodations, 
and support (see Wehman et al., 2014, for a review). Concerning postsecondary students with 
ASD, the majority of  research in this domain is only descriptive and interview-based (Anderson 
and Butt 2017; Gelbar et al., 2014; Longtin 2014). Consequently, current knowledge about the 
direct relationship between cognitive skills and academic progress in individuals with autism is 
very limited. Clearly, more research is needed to identify student characteristics that are related to 
academic progress in young adults with autism.
Most of  the research on the relation between student characteristics and academic progress 
in autism comes from studies with children. In a review on academic success in children with 
ASD aged 5–18 years, Keen, Webster and Ridley (2016) found almost exclusively studies focusing 
on IQ and language abilities. They could not conclude on any strong patterns as these studies 
showed contradicting results, for example between teachers’ and parents’ ratings on symptom 
reduction in relation to academic achievement (Manti et al., 2011). Some researchers observed 







related to academic achievement in autism. Overall, youth with autism, even those with higher 
intelligence, tend to perform poorer with respect to academic results than their typically develop-
ing (TD) peers (Ashburner et al., 2008; Troyb et al., 2014). Mayes and Calhoun (2008), found 
that children with autism display weaknesses in attention, graphomotor, and speed compared to 
control children. Performance in these areas, belonging to the domain of  executive functions 
(EF), was found to predict academic achievement. These weaknesses have also been found 
in other children with developmental disorders, like in ADHD. It has been suggested that EF 
predicts achievement in academic domains over and above general intellectual functioning in 
typical development (Latzman et al., 2010). EF encompasses a broad range of  higher-order 
cognitive functions supporting abstract reasoning, decision making and social regulation (e.g. 
cognitive flexibility, inhibition, working memory and planning/organizing), which are necessary 
for goal-directed behavior. Basic elements of  executive functioning (working memory, inhibi-
tion, and cognitive flexibility) subserve successful self-regulation (Hofmann et al., 2012) which 
is clearly necessary for college life, with its emphasis on independence and self-determination. 
Examples of  skills that need optimal EF are; tracking deadlines, time management, keeping class 
notes and materials organized, coping with schedules that change from day to day and long- term 
assignments. According to Wolf  et al. (2009), planning, organizing and timely completion of  
assignments are among the most challenging aspects of  higher education for students with ASD. 
For many students with autism, the additional change of  living independently when transferring 
from college to higher education poses extra challenges like keeping up with health, sleep pat-
terns, laundry and meals in addition to their academic and social lives.
It is known that many students with autism experience difficulties in several aspects of  execu-
tive functioning (Adreon and Durocher 2007; Dijkhuis et al., 2017). Research in children with 
ASD shows that executive attention is linked to their academic abilities. May et al. (2013) found 
that attention switching (marker for cognitive flexibility) is associated with both mathematics 
and reading performance in children with ASD. However, St. John et al. (2018) found that set 
shifting (cognitive flexibility) at age 6 was related to math achievement, but not to spelling or 
word reading at age 9 in children with ASD. Assouline et al. (2012) found that in children with 
high IQ and ASD, working memory is associated with reading and written language. This result 
was however not replicated by Oswald et al. (2016) as they did not find this relation when IQ 
and test anxiety were accounted for. Spaniol et al. (2017) found that attention training (CPAT) 
significantly improved academic performance (maths, reading comprehension and copying text) 
in children with ASD, showing the importance of  attention in many academic areas. Studies of  
the EF profile of  children and adolescents with ASD show that the EF profile is particularly 
characterized by flexibility and planning deficits as evaluated by performance tasks. But findings 
are mixed, which is likely due to the differences amongst different age groups and the heteroge-
neity of  the ASD population (Demetriou et al., 2018; Hill 2004; Kenworthy et al., 2008). Studies 
of  EF in adults with ASD employing cognitive performance tasks show EF impairments to be 























reports of  daily EF problems, clear EF deficits have been found in adults without intellectual 
disability and ASD (Wallace et al., 2016).
While adults with autism who have been in universities themselves report specific difficulties 
in daily functioning tasks that place a high emphasis on executive functioning (Robertson & 
Ne’eman, 2008), research investigating the cognitive profile of  higher education students with 
ASD is rather scarce. In a study by Tops and colleagues (2014) it was found that that differences 
between young adults with ASD and TD peers appeared almost exclusively on tasks that rely 
on the integration of  different skills. The authors suggested that this originates from problems 
in cognitive flexibility in ASD. Shmulsky et al. (2017) showed that young adults with autism in 
postsecondary education who display impaired behavioral regulation (self-reported inhibitory 
control, shifting, and emotional control) were more likely to earn lower grades than students with 
autism who reported typical behavioral regulation. To our knowledge, Shmulsky’s paper is the 
first that explores the relation between study achievement - operationalized as the end-of-year 
grade point average - and EF in higher education students with ASD.
The current study focuses on the question whether executive functioning can help predict 
academic progress in addition to autism symptom severity in higher education students with 
ASD. By using not only a self-report measure of  EF, but also performance-based measures of  
EF, we aim to add to the literature in this domain. Different from Shmulsky et al. (2017), we 
focus on study pace rather than on grade point average. We hypothesized that, within the ASD 
population, problems in executive functioning result in a delay in academic progress, in addition 
to autism symptom severity.
MeThod
Participants
Fifty-four young adults with ASD (Mage = 22.48, SD = 2.43) were recruited for this study, which is 
part of  a study measuring cognitive and behavioral functioning, academic progress and quality of  
life in higher education students with ASD. All participants were postsecondary students enrolled 
in higher education in the Netherlands. To increase generalizability, both males and females were 
included (72% male). The ASD group was recruited through Stumass; a non-profit organization 
providing services for students with ASD who are enrolled in university programs or universities 
of  higher professional education. Stumass provides guided living homes where students with 
autism live together, and ambulatory guidance for students that are able to live on their own. 
In order to be enrolled in Stumass, applicants are required to have received a formal clinical 
diagnosis of  ASD based on the Diagnostic Statistic Manual of  Mental Disorders (DSM) criteria 
(version dependent on what was customary at the time of  referral: DSM-III-R/ DSM-IV/ or 
DSM-IV-TR), provided according to Dutch protocols. An additional requirement for enrollment 







minimal impact on daily functioning of  the student. The research protocol was approved by the 
Medical Ethics Committee of  Leiden University Medical Center (NL39057.058.12) and written 
informed consent was obtained from all participants.
Measurements
Autism symptom severity
To evaluate severity of  autism symptoms, all participants completed the Dutch self-report ver-
sion of  the Social Responsiveness Scale for Adults (SRS-A; Constantino and Todd, 2005). The 
SRS consists of  65 questions with higher scores indicating more social impairment and more 
severe ASD traits. The questionnaire comprises the scales social awareness, social communica-
tion, social motivation, and autistic mannerisms and gives a total score. A validation study (Con-
stantino et al., 2003) indicated that the SRS was significantly correlated with the ADI-R; with 
coefficients higher than 0.64. The Dutch version of  the SRS has been validated and normed. T 
scores between 65 and 75 correspond to a ‘mild or moderate’ range of  severity, and scores of  76 
and higher are in the ‘severe’ range.
Intelligence
IQ levels were estimated with the V-BD short form of  the Dutch version of  the Wechsler 
Adult Intelligence Scale-Fourth Edition, based on the Vocabulary and Block design subtests 
(WAIS - IV; Wechsler, 2008). Total IQ was estimated with the formula [3 x (sum of  normed 
scores) + 40] (Tellegen and Briggs 1967). The V-BD short form is considered a valid estimation 
of  intelligence, it correlates highly with the estimated Full Scale Intelligence Quotient (TIQ) of  
the WAIS-IV (r = 0.86) (Denney et al. 2015) and has good reliability and validity in both clinical 
(Denney et al. 2015; Girard et al. 2015) and non-clinical populations (Crawford et al. 2008).
Academic progress
In the Netherlands, higher education entails two forms of  tertiary education: university educa-
tion (academic oriented) and higher vocational education (practice oriented). Each curriculum 
in higher education consists of  60 European Credit Transfer System (ECTS) per year and it 
has been found that ‘the number of  credits earned’ is an appropriate measure for students’ aca-
demic progress (Beekhoven et al. 2002; Berg and Hofman 2005). Each individuals’ ECTS were 
asked half  a year after the initial measurements for autism traits, intelligence and EF. Academic 
progress is assessed by computing the students’ obtained number of  ECTS relative to the total 

























As both performance-based and self-reported behavioral measures of  executive function provide 
important information about an individual’s efficiency and success in achieving goals (Toplak et 
al. 2013), it was decided to use multiple measures to assess EF in this study. The subjective, 
but ecologically valid self-report version of  the Behavior Rating Inventory of  Executive Func-
tion (BRIEF – A; Roth, Isquith, & Gioia, 2005) was used to obtain information on EF related 
behavior. Two computerized subtests of  the Amsterdam Neuropsychological Tasks (ANT; De 
Sonneville, 1999; 2014) were used to measure specific cognitive domains of  EF.
Daily executive functioning. The BRIEF-A is a standardized rating scale that assesses the frequency 
(‘often,’ ‘sometimes,’ or ‘never’) of  executive function or self-regulation problems in the everyday 
environment that have occurred in the last four weeks. It is composed of  75 items which are 
divided over nine non-overlapping theoretically and empirically derived clinical scales; Inhibit, 
Shift, Emotional Control, Self-Monitor, Initiate, Working Memory, Plan/ Organize, Task Moni-
tor and organization of  Materials. See Rabin, Fogel, & Nutter-Upham (2011) for an extensive 
description of  the subscales. The T scores for the subscales, derived from comparisons with 
normative age groups, are used. Higher scores are indicative of  greater perceived impairment 
in EF and T scores of  65 or higher are categorized as clinically significant. The BRIEF-A has 
demonstrated reliability, validity, and clinical utility as an ecologically sensitive measure of  execu-
tive functioning in healthy individuals and also those presenting with a range of  psychiatric and 
neurological conditions (Roth et al. 2005).
Performance executive functioning. From the ANT, the Shifting Attentional Set – Visual (SSV) and 
the Spatial Temporal Span (STS) tasks were used. The Shifting attentional Set -Visual (SSV) 
subtest measures both inhibition and cognitive flexibility. This task consists of  three parts in 
which the participant has to respond to the movement of  a square that jumps randomly to the 
left or right on the screen. In part 1, compatible responding is required: the participant has to fol-
low the movement of  the green square (compatible condition – press left/right key on left/right 
move). In part 2, incompatible responses are required compared to the just trained compatible 
condition: the square is red and the participant has to move in the opposite direction (incompat-
ible condition), requiring the subject to inhibit the prepotent response. In part 3, a mix of  part 
1 and 2 trials, cognitive flexibility is required as the participant has to flexibly switch between 
the two response alternatives, depending on the color of  the square. Speed (reaction time, RT) 
and accuracy (number of  errors) are the main outcome parameters. The task model predicts an 
increase in errors and/or a decrease in speed when inhibition or flexibility is required. Inhibition 
is operationalized as the difference in performance between part 1 and part 2, cognitive flexibility 
is operationalized as the difference in performance between part 1 and the compatible trials of  
part 3, with larger values denoting poorer functioning (slower speed and/or more errors as a 
result of  higher task demands). 
The Spatial Temporal Span (STS) subtest of  the ANT is designed to measure working memory, 







in a specific order, with increasing complexity. The test provides two scores: the number of  
correctly identified squares irrespective of  temporal order and the number of  squares that are 
identified in the correct order, which latter condition imposes larger memory demands. The task 
model predicts that the memory score will be lower when the order criterion is applied. Working 
memory is operationalized as the difference between these two scores, with a larger value denot-
ing poorer working memory. For a more detailed description of  the tasks, including figures, see 
De Sonneville et al., (2005) (task SSV), Van Der Meer et al., (2012) and Ziermans et al., (2017) 
(task STS). Validity coefficients and reliability estimates of  the ANT are satisfactory (Günther, 
Herpertz-Dahlmann, & Konrad, 2005; De Sonneville, 2014). The ANT has been used in various 
clinical and non-clinical populations, including individuals with ASD (Oerlemans et al. 2013; Van 
Der Meer et al. 2012; Zmigrod et al. 2013) and individuals with ASD and high IQ (Njiokiktjien 
et al. 2001; Ziermans et al. 2017).
Procedure
The assessment of  executive functioning was part of  an assessment protocol that lasted approxi-
mately three hours in total. The cognitive part (≈ 90 min), including the ANT and the abbrevi-
ated WAIS, was always administered first. The ANT was administered on a laptop computer. At 
the end of  the performance session, the participants were debriefed and received a voucher of  
20 euros for their participation in the first part. In addition, they were asked to fill out online 
questionnaires afterwards. Subsequently, they received an e-mail with a link to the questionnaires 
so that they could answer the questions at home at their own convenience. Upon returning these 
questionnaires, they were rewarded with a written report of  their cognitive strengths and difficul-
ties in the study. Approximately half  a year after the first assessment, the participants received an 
e-mail with a link to follow-up questionnaires, including information on their academic progress 
and ECTS at the moment. Students who participated in this second part of  the study, received 
another voucher of  20 Euros for their participation.
statistics
All analyses were conducted in IBM SPSS (v.21). All data was checked for normality of  the 
distributions and outliers. Outliers defined as more than 3 standard deviations (z-scores) from 
the mean were checked for their influence on the data. One outlier on IQ was found, this indi-
vidual was excluded from further analysis due to extreme performance anxiety during testing that 
ruined his performance. Also, one individual was excluded from the ANT flexibility measures 
analysis, and one individual from the ANT inhibition measures analyses, due to extreme scores. 
One subject did not complete the STS task of  the ANT. Level of  significance was set at p < 0.05.
First, the correlations of  age, gender, and IQ with academic progress were calculated as these 
covariates could potentially influence academic progress. As no significant linear correlations 
were detected, it was decided not to control for these variables in further analysis. The ANT 























resulting in acceptable skewness varying between .36 to .69. Academic progress data showed 
a reasonable skewness with values of  -.49. To examine relationships between the variables of  
interest, Pearson correlation coefficients were computed between academic progress with the 
SRS-A (total score), the BRIEF-A (subscales- and total score) and the transformed ANT scores 
(representing the operalization of  inhibition, cognitive flexibility and working memory). Pearson 
correlations coefficients were identified as weak (0.1- 0.3), moderate (0.3- 0.5) or strong (> 0.5), 
according to (Cohen 1988).
Next, to answer our research questions, hierarchical multiple regression analyses were per-
formed. Two separate analyses for the self-report and the performance-based EF measures were 
performed, with the SRS-A total score entered in the first step and those subscales from the 
EF measures that correlated significantly with academic progress were entered in the second 
step (all steps Enter method). Level of  significance was set at p < 0.05. Assumptions for linear 
regression analysis (normality, linearity, multicollinearity and homogeneity of  variance) were met. 
To provide more robust statistics, subsequent analyses were performed with 1000 resamples 
bootstrapping with 95% bias corrected and accelerated confidence intervals (CI).
results
The sample characteristics for the remaining par-
ticipants regarding sex, age, estimated IQ, academic 
progress and autism symptom severity are given in 
Table 1. For academic progress, data from fourteen 
participants was missing because they had either 
stopped their studies (n = 8), switched to vocational 
education (n = 4), not attended the follow-up study 
(n = 1), or because they experienced symptoms of  
depression at the time of  the follow-up (n = 1). 
When comparing these fourteen drop outs with the rest of  the sample (n = 39), it was found that 
they did not significantly differ in terms of  IQ, SRS and EF.
Correlations with academic progress
Correlational analyses with academic progress were performed with 39 participants for the SRS-
A, 37 for the BRIEF-A, and 38 for the ANT. A significant medium correlation with academic 
progress emerged for the total score of  the SRS-A (r = -.35, p = .033). Significant correlations 
with academic progress also emerged for some scales of  the BRIEF-A, ordered from strong to 
moderate correlations: plan/ organize (r = -.57, p < .001), initiate (r = -.49, p = .002), total score (r 
= -.45, p = .005), task monitor (r = -.40, p = .014) and working memory (r = -.38, p = .021). These 
negative correlations indicate that a higher autism score and poorer daily EF were associated 
with poorer academic progress. Correlational analysis showed moderate correlations between 
academic progress and ANT scores; speed (r = -.34, p = .036) and accuracy (r = -.33, p = .046) 
Table 1. Group characteristics
ASD (N = 53)
Male sex (%) 71.7
Age in years, M (SD) 22.5 (2.4)
WAIS- IV Total IQ, M (SD) 118.28 (11.22)
SRS-A Total Scorea, Mdn (range) 63.00 (48- 94)
% ECTS obtainedb 66.40 (28.40)
aT-score; Missing data (n = 2)







of  cognitive flexibility, and working memory (r = -.35, p = .033), indicating that poorer cognitive 
flexibility and working memory were associated with poorer academic progress.
Predicting academic progress in autism with daily EF
Initial regression analysis with the four subscales of  the BRIEF-A entered in the second step 
resulted in a significant model with none of  the predictors being significant (prange = .21 — .69). 
It was therefore decided to use only the subscale Plan/Organize from the BRIEF-A in the final 
regression model, as this subscale correlated highest with academic progress. The final model is 
shown in Table 2. The first model with SRS-A total score was significant (F (1, 35) = 4.94, p = 
.033), explaining 12% of  the variance in academic progress; the second model adding the subscale 
plan/ organize of  the BRIEF-A showed a statistically significant improvement (F (2, 34) = 9.38, 
p = .001), and tripled the explained variance in academic progress to 36%. In this last model, 
only plan/ organize remained a significant predictor of  academic progress, (β = -.51, p = .001). 
The bootstrapping results showed that in model 1, autism symptom severity was significantly 
predictive of  academic progress (B = -1.01, p = .038, 95% bootstrap CI = [-1.94; -.11]). In model 
2, autism symptom severity no longer appeared significantly predictive of  academic progress (B 
= -.56, p = .17, 95% bootstrap CI = [-.29; .24]), while Plan/organize was significantly predictive 
of  academic progress (B = -1.15, p = .004, 95% bootstrap CI = [-1.79; -.35]).
Table 2. Summary of  multiple linear regression analysis predicting academic progress by the Behavior Rating 




R R2 R2 Change B SE B β F change p value
Model 1 .35 .12 4.94 .033*
Constant 132.08 29.91
SRS-A Total score -1.01 .45 -.35
Model 2 .60 .36 .24 12.23 .001*
Constant 180.93 29.54
SRS-A Total score -.56 .42 -.20 .184
BRIEF- A Plan/ Organize -1.15 .33 -.51 .001*
*p < .05
Predicting academic progress in autism with performance EF
Because of  a substantial collinearity between the two flexibility subscales of  the ANT (accuracy 
and speed), it was decided to delete flexibility speed from the list of  predictors. Initial regression 
analysis with the remaining subscales of  the ANT that correlated significantly with academic 
progress showed that the model with the subscales cognitive flexibility accuracy and working 























from cognitive EF tasks is shown in Table 3. The second model, after adding the cognitive 
flexibility accuracy and working memory measures from the ANT, was statistically significant (F 
(3, 32) = 3.63, p = .023) and the explained variance in academic progress increased from 12% 
to 25%. However, in this last model, none of  the predictors remained a significant predictor of  
academic success. The bootstrapping results showed that in model 1, autism symptom sever-
ity was significantly predictive of  academic progress (B = -.99, p = .046, 95% bootstrap CI = 
[-1.91; -.08]). In model 2, autism symptom severity no longer appeared significantly predictive of  
academic progress (B = -.60, p = .22, 95% bootstrap CI = [-1.82; .30]), this was also found for 
cognitive flexibility accuracy (B = -35.88, p = .075 95% bootstrap CI = [-72.8; 5.04]) and working 
memory (B = -7.74, p = .15, 95% bootstrap CI = [-17.10; 5.04]). To explore the individual 
contribution of  the two EF predictors to the explained variance, a post-hoc three steps multiple 
regression analysis was conducted. Adding cognitive flexibility to the model raised the explained 
variance of  12.2% with 7.8% to 20%. By adding working memory in the 3rd step the explained 
variance increased with 5.4% to 25.4 %.





R R2 R2 Change B SE B β F change p value
Model 1 .35 .122 4.72 .037*
Constant 131.75 30.25
SRS-A Total score -.99 .46 -.35 .037*
Model 2 .50 .254 .13 3.63 .023*
Constant 206.74 52.81
SRS-A Total score -.65 .46 -.23 .173
Cognitive Flexibilityaccuracy -35.82 20.99 -.27 .098
Working Memory -7.8 5.11 -.25 .137
*p < .05
discussion
This study aimed to test whether executive functioning can help to predict academic progress in 
higher education students with ASDs, in addition to severity of  autism symptoms. In line with 
our expectations, it was found that when taking autism into account, self-reported daily executive 
functioning contributes to the prediction of  academic progress, with self-reported abilities of  
planning and organizing being the best predictor of  academic progress in young adults with 
ASD. Better developed planning and organizing skills are associated with stronger academic 
progress, raising the explained variance in academic progress from 12% (ASD symptoms only) to 







the severity of  autism symptoms, self-reported daily executive functioning is a valuable predictor 
of  academic progress in young adults with ASD. Better performance during tasks that ask for 
cognitive flexibility and working memory appeared to be related to stronger academic progress 
as has been demonstrated by the correlational analysis. Together, severity of  autism symptoms, 
cognitive flexibility and working memory performance are significantly predictive of  academic 
progress. This was shown by a significant model in regression analyses, raising the explained 
variance in academic progress from 12% (ASD symptoms only) to 25% (both symptoms and 
cognitive performance). However, none of  the three predictors in the final model was significant 
in itself, which is why these results should be interpreted with caution. Nevertheless, referring to 
the 95% CI from the bootstrap analysis, the point estimates of  B are compatible with the idea 
that poorer performance-based EF is associated with poorer academic progress. For decisions 
about whether to pursue a research idea further, we concur with Amrhein and Mcshane (2019) 
and colleagues that there is no simple connection between a p value and the probable result of  
subsequent studies. The resulting model is informative, corroborates with the literature, and may 
therefore serve as a basis for further exploration.
Problems in planning/organizing reflect impairments that are often reported by clinicians 
working with children with high IQs and ASD (American Psychatric Association 2013; Wolf  
et al., 2009) and the current findings add to the growing evidence suggesting that EF deficits 
are of  relevance in autism in adulthood (Wallace et al., 2016). Also, the finding that problems 
in cognitive flexibility and working memory are related to academic progress is in line with 
previous studies in both children (Assouline et al., 2012; May et al., 2013; St. John et al., 2018) 
and adults with ASD (Tops et al., 2014; Shmulsky et al., 2017). Previous research showed more 
consistent EF deficits in autism when a self- report method (the BRIEF) was used than when 
performance EF tasks were used (Rosenthal et al., 2013; Van Eylen et al., 2015; Wallace et al., 
2011). This might be explained by the fact that cognitive EF tasks, like the subtasks of  the ANT 
used in the present study, are designed to assess specific, strictly operationalized, aspects of  EF 
under relatively optimal conditions. Also, with performance tasks, the test/tester is ignorant of  
the individual level of  academic progress, which underlines the strength of  this study measuring 
EF in different ways.
One might question whether or not the prediction of  Grade Point Average (GPA) versus 
academic progress is more successful. Looking at the GPA at the time of  the follow-up in the 
current study, it was found that number of  credits earned and GPA are strongly correlated (r = 
.59, p < .001). This result indicates that those students who earned more credits, also had a higher 
GPA. This seems in line with the Dutch higher education system, in which all studies provide a 
curriculum of  60 ECTS per year. Not many students take extra courses, and it is not expected 
of  them. Furthermore, in the Netherlands there are no scholarships based on GPA, leading us 
to assume that GPA is not as important in the Netherlands as it is in other countries. As the 
correlation of  the possible predictors with GPA were lower than with academic progress we did 























Some limitations of  our study need to be mentioned. First, academic progress can be mea-
sured not only in grades, but also in, for example, increased learning, increased independence 
and self- determination and positive social experiences. The current study looks at a more global 
academic progress and these factors were not included in the current study. Also, the current 
sample consists of  higher education students with ASD with mean IQ levels in the high average 
range, so these results cannot be generalized to autism samples with lower level IQs. However, 
as these findings are similar to patterns of  difficulties found with respect to flexibility, planning 
and organization in both children and adolescents with autism without intellectual disability 
(Granader et al., 2014), the current literature on EF difficulties in autism suggests that the im-
portance of  EF in predicting study outcome can be extended to autism samples with other 
IQ- and age ranges. Finally, the number of  participants in the regression analyses in relation to 
the number of  predictors should be preferably larger than realized in the current analyses. The 
rather low number of  participants in the performance EF regression analysis may also be one of  
the reasons why none of  the predictors in the regression analysis was significant. Nevertheless, 
significant correlations of  EF skills with academic progress were found, indicating a specific 
relation between (poor) planning/organizing, working memory, cognitive flexibility and (lower) 
academic progress in higher education students with ASD.
To our knowledge, this is the first study exploring both cognitive performance-based and self-
report measures of  EF as potential predictors of  academic progress in young adults with autism 
in higher education. Where Shmulsky et al., (2017) found poorer self-reported EF related to 
lower grade point average, we found that poorer EF, both self-reported and performance-based, 
resulted in a slower study pace. The results in this study reflect the impact of  everyday meta-
cognitive demands that students encounter in higher education. Higher education settings place 
huge demands on their students’ flexibility as schedules which appear to be “set”, frequently 
change. In line with Shmulsky et al. (2017), we suggest that caregivers or tutors and students 
who are planning for college should assess EF to identify strengths and areas of  concern, which 
can also be shared with relevant disability service offers, counselors or consultants in higher 
education, to maximize successful transition. Just like in the Stepped Transition in Education 
Program for Students with ASD (STEPS; White et al., 2017) EF can possibly be improved by 
teaching effective problem-solving and goal-setting skills. Additionally, according to Hillier et 
al. (2018), support groups with fellow ASD students, consisting of  weekly meetings addressing 
common challenges experienced by students in university settings, enhance success for students 
with autism. The participants reported for example an increase in behaviors like implementing 
strategies to reduce stress and anxiety and learning how to set and meet appropriate goals. Also, 
they reported improved executive functioning skills, academic-related skills, understanding of  
how to access resources and supports on campus, and social understanding. We recommend 
that students get the chance to improve their self-regulation while still in high school or while 
preparing for higher education, for example by learning how to deal with unexpected blocks 







mobile phones, and organizational and planning tools to manage their schedules and workloads, 
which has been confirmed by Robertson and Ne’eman (2008). They suggest that the logical 
and systematic aspects of  computers and other information technologies strongly appeal to the 
cognitive processing strengths in rule-based, logical, and systematic thinking possessed by many 
people with ASD. Therefore, next to using these tools, computer-based programs to improve 
executive functioning not only in children but also in adults with ASD seem promising. Indeed, 
positive results of  EF training have already been reported. For example the executive func-
tion training ‘Unstuck and On Target’ seems a promising intervention for improving planning/
organizing, flexibility and problem-solving skills in children with autism, as a recent paper shows 
improvements in these areas due to EF training, even more than when compared to a social 
skills intervention (Kenworthy et al. 2014). This may potentially be an avenue worth pursuing 
as improved flexibility may impact other EFs like working memory, planning and organizational 
skills. Latzman et al. (2010) found in a population sample that cognitive flexibility influences 
many areas of  academic functioning (e.g. reading and science) while inhibition, another executive 
function, is especially important for math in adolescence. This stresses the importance of  differ-
ent EFs for different academic areas. The evaluation of  personalized EF training in individuals 
with ASD and further research into relevant domains of  cognitive functioning that might be 
targets for intervention, could lead to better self-regulation skills and improved outcomes in 
individuals with ASD.
Conclusions
The current study shows that executive functioning potentially plays an important role in 
academic progress for young adults with ASD. Future research should aim at replicating these 
findings across different countries and samples of  students with ASD, and disentangle the con-
tribution of  EF to academic progress compared to other relevant predictors in ASD like IQ and 
comorbidity. These findings emphasize that clinicians working with children, adolescents and 
adults with ASD in education settings, should be aware of  the impact that EF has on academic 
progress. Enhancing EF in ASD might not only enhance academic progress, and therefore the 
chances of  graduating, but also overall quality of  life and outcome for this group. We urge the 
field to highly prioritize systematic research into mechanisms related to study drop-out and the 
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Chapter 4
Social attention and emotional 
responsiveness in young adults with autism 
enrolled in higher education
This chapter was published as: Social attention and emotional responsiveness in young 
adults with autism. Dijkhuis, R., Gurbuz, E., Ziermans, T., Staal, W., & Swaab, H. (2019). 








Children with autism spectrum disorder (ASD) are generally characterized by marked impair-
ments in processing of  social emotional information, but less is known about emotion processing 
in adults with the disorder. This study aimed to address this by collecting data on social attention 
(eye tracking), emotional arousal (skin conductance level; SCL) and emotional awareness (self- 
report) in a paradigm with social emotional video clips. 51 young, intelligent adults with ASD 
(IQrange = 88 - 130, Agerange = 18 - 24) and 27 typically developing (TD) (IQrange = 94 - 139, Agerange 
= 19- 28) gender matched controls participated, and reported on severity of  autism symptoms 
(SRS-A). Results showed no group difference in social attention, while autism symptom sever-
ity was related to decreased attention to faces across participants (r = -.32). Average SCL was 
lower in the ASD group, but no group difference in arousal reactivity (change from baseline to 
emotional phases) was detected. Lower SCL during video clips was related to autism symptom 
severity across participants (r = -.29). ASD individuals reported lower emotional awareness. We 
conclude that, even though no deviations in social attention or emotional reactivity were found in 


























Autism spectrum disorder (ASD) is a complex condition with impairments in social communica-
tion and behavior. In the search for mechanisms that underlie the disorder it is well established 
that children with ASD show deviant emotional processing, as is reflected in lower arousal levels 
when processing emotions of  others (Bal et al., 2009; Wagner, Hirsch, Vogel-Farley, Redcay, & 
Nelson, 2013) and difficulty in recognition of  facial emotions in others (Gaigg, 2012). Atypical 
attention towards faces and social sensitivity in ASD persists into adulthood (Baron-Cohen, 
Wheelwright, Hill, Raste, & Plumb, 2001; Riby & Hancock, 2008) and is also evident in ASD 
without associated intellectual disability, particularly when more sensitive measures are used 
(Fletcher-Watson, Leekam, Benson, Frank, & Findlay, 2009). Behavioral investigation of  social 
emotional processing showed that autistic individuals are slower to make emotional attributions 
even though their emotional attributions were accurate (Piggot et al., 2004). Neural investigation 
of  emotional attributions to body-language showed less coherent brain activation in children 
with ASD compared to their neurotypical peers (Libero, Stevens & Kana, 2014). Studies looking 
at self-reports of  individuals with ASD have found that they are less able to recognize and 
identify their own emotions (Dijkhuis, Ziermans, Van Rijn, Staal, & Swaab, 2017; Hill, Berthoz, 
& Frith, 2004), and emotions of  others (Bal et al., 2009) and it has been argued that such socio-
cognitive abnormalities are related to symptom severity (Laurent & Rubin, 2004; Wallace et al., 
2011). However, these neuropsychological and physiological mechanisms might be differently 
associated to symptom severity at different ages since they are still maturing in children and 
studies focusing on mechanisms underlying social emotional functioning in adults with ASD are 
scarce. Furthermore, most studies focus on how individuals with ASD attend to and interpret the 
emotions of  others while less is known about how they process information in social emotional 
contexts themselves. This study aims to look into social attention and emotional responsiveness 
in young adults with ASD.
Changes in cognitive and emotional states are reflected in activity of  the peripheral autonomic 
nervous system (ANS). Skin conductance (electrodermal activity) is often used as an implicit 
measure of  attention, cognitive effort or arousal (Boucsein, 2012; Critchley, Elliott, Mathias, & 
Dolan, 2000). Electrodermal responses are produced for example when individuals are presented 
with emotional facial expressions (Blair & Cipolotti, 2000) and it has been suggested that this 
arousal modulates emotional processing, social cognition and motivational decision making 
(Damasio, 1994). Previous research in ASD populations has shown mixed results in terms of  
arousal reflected in skin conductance level (SCL). One study reported significantly lower baseline 
arousal in children with ASD (Schoen, Miller, Brett-green, & Nielsen, 2009), while another 
reported no group differences compared to typically developing (TD) children and adolescents 
(Riby, Whittle, & Doherty-Sneddon, 2012). In response to social emotional video clips, typical 
arousal has been demonstrated in adolescents and adults with ASD (Trimmer, McDonald, & 







that the ASD group did not differ from the control group in their awareness of  perceived arousal 
following the emotional clips. Although seldom included alongside more subjective measures of  
emotional arousal, self-awareness of  internal emotional experiences is considered a fundamental 
prerequisite for adequate coping with the resulting emotional consequences and for managing 
associated behavioral impulses. The results found by Trimmer et al. (2017) are in line with an 
earlier study by Dziobek et al. (2008). Dziobek and colleagues found that the ASD adults had no 
difficulties in rating their own emotional reactions in response to emotional photos, compared 
to controls. However, Bölte, Feineis-Matthews, and Poustka (2008) reported lower awareness 
of  arousal in adults with autism when viewing sad stimuli compared to TD controls, which was 
not reflected in their heart rate, suggesting deviant experience of  emotional arousal in ASD. Ad-
ditionally, autism symptom severity has been associated with greater skin conductance responses 
(SCRs) to nonsocial than to social stimuli (Singleton, Ashwin, & Brosnan, 2014). The authors 
suggested that the failure to orient to socially salient information could be framed as reduced 
motivation (resulting from lower levels of  arousal) for social information in ASD, which is con-
sistent with other studies finding impaired motivation for social situations in ASD (Chevallier, 
Kohls, Troiani, Brodkin, & Schultz, 2012). Moreover, it has been found that lower baseline skin 
conductance levels predict impaired emotion recognition and affective empathy in adults with 
ASD, indicating a relationship between low baseline resting states and altered emotion regulation 
(Mathersul, McDonald, & Rushby, 2013).
Previous studies into facial processing and emotion recognition in ASD have demonstrated 
that the magnitude of  group differences in processing social cues is partially determined by the 
nature of  the task stimuli. Individuals with ASD perform relatively well compared to controls 
in tasks that use static social stimuli (Freeth, Chapman, Ropar, & Mitchell, 2010; van der Geest, 
Kemner, Camfferman, Verbaten, & van Engeland, 2002). However, when more dynamic social 
stimuli are used, i.e. with greater resemblance to real-life interactions, individuals with ASD focus 
significantly more on the mouth, body and objects compared to controls, and significantly less on 
the eye region (Klin et al., 2002). In addition to the dynamic versus static distinction, the social 
complexity of  the stimuli is also important. For instance, Speer et al. (Speer, Cook, McMahon, 
& Clark, 2007) examined four different conditions in children with ASD: static-nonsocial, static-
social, dynamic-nonsocial, and dynamic-social. Children with ASD looked less at the eyes and 
more at the body of  the characters compared to their TD peers in the social dynamic condition, 
while no significant group differences were found in any of  the other conditions. These find-
ings suggests that processing of  social emotional cues is partially determined by the realistic 
nature of  the stimuli. Moreover, it was found that fewer fixations on the eyes in the ASD group 
were correlated with severity of  autism symptoms. In a review by Chita-Tegmark (2016) it is 
concluded that social content (defined as ‘low’ if  there is one person presented and ‘high’ if  two 
or more people are presented) is the most significant predictor of  social attention in ASD and 
that differences with TD individuals are larger when the social stimuli are more complex (e.g. 
























The first aim of  the current study is to investigate whether social attention and emotional 
responsiveness in young adults with ASD differ from their TD peers. The second aim of  the 
study is to investigate whether social attention and emotional arousal relate to autism symptom 
severity. To address these aims we measure social attention and emotional arousal during dynamic 
social situations. We hypothesize that young adults with ASD attend less to essential social cues 
(faces) and display reduced arousal and reactivity (change in arousal) in response to emotional 
social situations. Based on earlier studies we also expect social attention and emotional arousal 
to be associated with severity of  autism symptoms. As a final aim, we are interested in assessing 
emotional awareness as part of  emotion regulation in ASD. Emotional awareness is expected to 
be lower in the young adults with ASD compared to their TD peers.
Materials and Methods
Participants
Fifty-one young adults with ASD (Mage = 22.46, SD = 2.52; 72.5% male) and 27 TD individuals 
(Mage = 20.65, SD = 1.57; 74.1% male) participated in the present study. All participants were 
postsecondary students enrolled in university programs or at universities of  higher professional 
education in the Netherlands. Both males (n = 57) and females (n = 21) were included in the 
study and the groups were matched on gender. The ASD group was recruited through Stumass; 
a Dutch non-profit organization providing assisted living services for higher education students 
with ASD. In order to be enrolled into Stumass, applicants are required to have received a formal 
clinical diagnosis of  ASD based on the Diagnostic and Statistical Manual of  Mental Disorders 
(DSM) customary at the time of  referral (DSM-III-R/ DSM-IV/ or DSM-IV-TR), according 
to protocolled guidelines in the Dutch mental health system. An additional requirement for 
enrollment in Stumass is that psychiatric co-morbidity, if  present, is either in remission or under 
supervision of  a certified psychologist or psychiatrist. For the control group, higher education 
students from the city of  Leiden and neighboring regions were recruited through information 
brochures and an online student recruitment platform at Leiden University. Controls who re-
ported having received a DSM diagnosis during their lifetimes, were not included in the study. 
An additional inclusion criterion for both groups was an Intelligence Quotient (IQ) of  80 or 
higher, which was checked with the two subtests Vocabulary and Block design of  the Dutch 
version of  the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS - IV; Wechsler, 2008), 
known as the V-BD short form. Total IQ was estimated based on a long-standing method in the 
short-form literature with the formula [3 x (sum of  normed scores) + 40], (Tellegen & Briggs, 
1967). For their participation in the study all participants were rewarded with a voucher of  20 
Euros and a written summary of  their cognitive strengths and difficulties in the study. The 
research protocol was approved by the Medical Ethics Committee of  Leiden University Medical 
Center. In accordance with the declaration of  Helsinki, written informed consent was obtained 









Severity of  autism symptoms was measured with the Dutch self-report version of  the Social 
Responsiveness Scale for Adults (SRS-A; Constantino, 2005). The SRS consists of  65 questions 
in which higher scores indicate more social impairment and more severe ASD traits. Internal 
consistency was found to be highly acceptable in a German cohort with Cronbach’s alpha ranging 
from 0.71 (TD participants) to 0.89 (autism participants) (Bölte, 2012), and the overall test–retest 
reliability (Pearson’s r) for the SRS-A was found to be 0.64 (Constantino & Todd, 2005).
Complex Dynamic Social Video Clips
Social attention and emotional responsivity of  the participants were assessed during a Social 
Emotional Paradigm (SEP), which included video clips of  real-life social situations with high 
emotional content. Ten publicly broadcasted videos including humans in real-life social interac-
tions with a high level of  emotional content were selected from the internet. These videos were 
piloted with ten university students without ASD. Appropriateness of  the stimuli was determined 
by analysis of: a) average skin conductance level, and b) congruence between self-reported 
emotional awareness (as indicated by type and intensity of  a pre-selected set of  emotions) and 
content of  the video clips (e.g. high intensity of  happy emotions during a sad clip was considered 
incongruent). As a result, the four video clips which elicited the highest reactivity (arousal differ-
ence between baseline and stimuli) were chosen to be used in the actual study. These video clips 
contained auditory input (e.g. speech, scream and cheers) and varying emotional content. Spoken 
language in the video clips was English. The description of  each video clip and the emotions they 
include are presented in Table 1. In addition, one neutral video of  an aquarium with sound was 
presented for 5 minutes as a baseline measure, which has been shown to be an adequate mea-
sure of  resting state (Piferi, Kline, Younger, & Lawler, 2000). Social emotional video clips were 
presented in a counterbalanced fashion and each clip lasted 75s on average. Between each social 
emotional video clip, 30-seconds of  a neutral video clip showing an aquarium was presented in 
order to prevent arousal from accumulation with time. A visual representation of  the paradigm 
























Table 1. Description of  social emotional video clips.
description emotion
Video clip 1 A young woman surrounded by family is in suspense at the airport to reunite with her 
boyfriend. When they see each other, they are overcome with joy and hug intensely.
happy / surprise
Video clip 2 A man and a woman surrounded by an angry crowd are in a heated discussion at a 
public demonstration.
anger / irritation
Video clip 3 A close-up of  a heartbroken former athlete on a podium who publicly announces the 
death of  an American football legend in a stadium
sad / sorrow
Video clip 4 A close-up of  the face of  a woman on a dental chair who is undergoing a nipple-
piercing procedure in a body art shop
pain / fear
figure 1. The social emotional paradigm; followed- up by video clip #2, #3 and #4 with accompanying question-
naire and rest.
Social Attention
The video clips were displayed on a 15.6-inch LCD screen and gaze data was collected by a Tobii 
T120 Eye Tracker (Tobii Stockholm, Sweden). Gaze fixations and pupil responses were sampled 
at a frequency of  120 Hz. An I-VT fixation filter was applied to the data collected from both 
eyes. The face AOIs included eyes and mouth and were drawn sufficiently large outside of  the 
defining contours to reliably capture the gaze fixations (Hessels, Kemner, van den Boomen, & 
Hooge, 2015). A fixation was registered if  the velocity threshold for an eye movement exceeded 
30 degrees/second within a 40-pixel diameter region (Olsen, 2012). Each participants’ gaze data 
for both eyes was checked in Tobii Studio to remove any outlier values due to blinks, loss of  
tracking data and small sampling size, or large moves in head position. Five dynamic areas of  
interest (AOI) were defined for each video clip: face, eye, mouth, whole screen and background 
(whole screen excluding face AOIs). The total visit duration (in seconds) at the whole screen 
was computed for all video clips in order to control for overall attention to the stimuli presented 
and total fixation duration at each AOI was calculated to measure attention towards social (e.g. 
face, eyes) and nonsocial stimuli (e.g. background). Fixation ratios (% fixation at AOI relative 
to the visit duration at overall screen) were computed for each AOI. The visit duration at the 
overall screen and fixation ratios at the AOIs in all four video clips were summed to be used as 
dependent variables in the analysis.
Emotional Arousal
Throughout the experiment, electrodermal activity measurement was acquired through a galvanic 
skin response amplifier (EDA100C) by Biopac data acquisition system (Bionomadix MP150-
Windows). Two contact Ag/AgCl disposable electrodes (Biopac EL507) were attached to the 
middle phalanges of  the second and fourth finger of  the participants’ non-dominant hand. The 







using Acqknowledge software (Biopac System Inc.). The emotional arousal data was synchronized 
with the eye-tracker by manually entering event markers to indicate the start and the end of  each 
video clip. In Acqknowledge, a 0.05 Hz high-pass filter was applied to create a phasic channel from 
the tonic channel. The low-pass filter was set to 1 Hz in order to filter high-frequency artefacts 
from the raw signal. Recorded data was further processed by manually inspecting the SCL using 
Acqknowledge software. Movement artifacts were visually identified and excluded from the data. 
An analysis script in Matlab Release 2016a (The MathWorks, Inc., Natick, MA, USA) was used 
to automatically analyze the data. The mean SCL (μS) was calculated per minute of  the baseline 
and for all video clips. The lowest SCL during one minute of  the baseline was chosen for each 
participant to be able to control for individual differences in baseline SCL in further analysis.
Emotional Awareness
After each clip participants were asked to describe what happened in the video clip by digital 
query on a tablet, to make sure they fully understood the content of  the video. Participants were 
also asked to indicate if  they felt emotions themselves and to what degree as indicated by a set of  
nine different emotions (angry, upset, irritated, nervous, happy, surprised, optimistic, sympathetic 
and horrible) on a continuous line of  10 cm with a scale from 0 to 100 for each of  the emotions. 
The specific emotions were derived from Parrott (2001) and a similar questionnaire has been 
used before, for example by van Rijn et al. (2014).
Procedure
The information letter about the study was sent by mail and participants were included after 
they returned their written consent. Control participants were tested at Leiden University and 
ASD participants were tested in Stumass residential homes. In all cases, the experiments were 
conducted in a quiet and stimulus-free room during day-time. There were two parts of  the 
experiment; the first part was the administration of  the WAIS by a trained Psychology student 
followed by SRS-A completed by the participant. The second part was the experimental part 
where the physiology and eye-tracking measures were collected. After the electrodes were at-
tached, participants were instructed to put their hand on the table in a resting position without 
moving or touching the electrodes. The participants were placed in front of  the Tobii monitor, 
with a 60 cm distance from the screen. A nine-point calibration of  the eye movements was 
applied and it was repeated until the participant’s eye gaze could target all of  the 9 points on 
the screen. Participants were instructed to look at the screen before the task was started. Task 
duration was approximately 35 minutes.
statistical analyses
Statistical tests were conducted in IBM SPSS (v.21). Level of  significance was determined at p < 
0.05 and in the case of  relevant group differences, Cohen’s d was calculated as a measure of  effect 
























independent t-tests and on gender with a chi-square test. For eye-tracking data, separate one-way 
ANOVAs were performed to analyze the difference in total visit duration and fixation ratios 
(face, eye, mouth and background) between the ASD and the TD group. Additional Pearson 
correlations were computed between SRS-A total score and total visit duration at the whole 
screen as well as fixation ratio to the face for all participants.
For the skin conductance data, SCL (μS) during baseline and video clips was checked for nor-
mality of  the distributions using histogram and boxplots in SPSS. Baseline SCL was compared 
between the groups using an independent samples t- test. Since we were interested in general 
arousal to the video clips, regardless of  the specific emotions or content, the group mean SCL 
to all video clips (stimuli) taken together was used as a dependent variable. In order to test for 
group differences in SCL reactivity, a repeated measures analysis of  variance (RM-ANOVA) was 
conducted with condition (baseline; social emotional video clips) as within-subject factor, and 
group (ASD; TD) as between-subject factor. Additional Pearson correlations were computed 
between SRS total score, SCL during baseline and SCL during stimuli for all participants.
We checked for influence of  covariates on baseline SCL (total IQ, age and gender) and all 
eye-tracking measures (total IQ and age) by applying correlational analysis. No significant cor-
relations were found so it was decided not to control for covariates in the analysis.
For the analyses on emotional awareness, it was first determined for each video clip which two 
emotions were experienced most intensely in the TD and ASD groups separately. Second, it was 
tested whether the ASD group experienced different intensity levels on the most salient emo-
tions in the TD comparison group. To achieve this, a multivariate ANOVA with eight emotion 
ratings in total (2 x 4) was performed to investigate group differences in emotional awareness 
elicited by the presented video clips.
results
The sample characteristics are given in Table 2. The groups were matched with regard to sex 
(χ² (1) = .02, p = .55), while the ASD individuals were significantly older than the TD group (t 
(73.79) = 3.91, p < .001, d = -0.8 ). The estimated IQ scores were also different between groups 
such that ASD participants had higher scores than the TD group (t (76) = 3.97, p < .001, d = 
-0.9). The individuals with ASD reported to have significantly higher SRS total scores (t (73) = 
4.99, p < .001, d = -1.2) and significantly higher subscale scores compared to controls (p < .001). 
At the time of  assessment nineteen participants in the ASD group were on (multiple) prescribed 
medications, including the stimulant methylphenidate, see Table 2. As not much is known about 
the exact effects of  these medications on arousal and existing studies do not clearly point to 
attenuation or elevation of  arousal, we decided to perform SCL analyses both with- and without 












Male (% in group) 72.5 74.1
Age, in years, M (SD) 22.46 (2.51) 20.65 (1.57)
WAIS- IV Total IQ, M (SD) 118.24 (10.75) 107.78 (11.69)
SRS Total Score*, M (SD) 62.78 (10.11) 50.04 (11.24)
Methylphenidate (n) 6 0
WAIS-IV, Wechsler Adult Intelligence Scale–Fourth Edition; IQ, intelligence quotient.
*SRS-A t-score; missing data in the ASD group (n = 2) and the control group (n = 1).
Social Attention
The eye gaze data from three participants (ASD; n = 2, TD; n = 1) were excluded from the 
final analysis due to poor calibration and/or overall looking less than 10% at the whole screen. 
Consequently, the final eye-tracking analysis was conducted with 49 ASD and 26 TD participants. 
There were no differences between the groups for total gaze duration at the overall screen (t (73) 
= 1.2, p = .16, d = -0.2), indicating that the groups paid equal attention to the video clips. There 
was no significant group difference in total fixation duration at the face AOIs in the video clips. 
However, the ASD individuals showed a trend (p = .08, d = 0.4) towards looking less at faces 
than the TD group, see Figure 2. No significant differences were found between the two groups 
in fixating at eyes (p = .85), mouth (p =. 43), or background (p = .89) in the video clips.
figure 2. Mean fixation duration in the ASD (n = 49) and TD (n = 26) group at the four areas of  interest (AOIs) 
in percentages. Error bars represent standard deviation of  the mean.
The correlation between SRS total score and total visit duration at the whole screen was not 
significant (r = -.161, p = .18), while the correlation between SRS total score and relative fixation 











































figure 3. Scatterplot for correlation between autism severity (SRS-A Total) and percentage fi xation at faces for all 
participants (N = 72)
Emotional Arousal
The analysis of  EDA did not include two TD participants and 12 ASD participants due to poor 
quality of  data as a result of  various technical issues. Consequently, the fi nal SCL analysis was 
conducted with 38 ASD and 25 TD participants. There was a trend-signifi cant difference in 
baseline SCL between the ASD and TD group, t (40.14) = -1.99, p = .05, d = 0.5. The baseline 
SCL in the ASD group was lower compared to the TD group, see Figure 5. The RM ANOVA 
analysis showed a main effect of  condition (F (1, 61) = 135.10, p < .001); for SCL; indicating 
that all participants had higher arousal during video clips compared to the baseline. The RM 
ANOVA analysis to test change from baseline SCL to social emotional video clips did not result 
in any group by condition interaction effect, p = .12. However, there was a main effect of  group 
(F (1,61) = 9.84, p = .003, d = 0.8); ASD participants showed signifi cantly lower SCL responses 
during video clips compared to TD controls, see Figure 4. Repeating the SCL analysis without 







figure 4. Arousal during baseline and task in the ASD (n = 38) and the TD (n = 25) group - indicated by skin 
conductance level (SCL; mean). Error bars represent standard deviation of  the mean; *p < .05.
When looking at all participants (n = 61), a trend-significant correlation between baseline SCL 
and SRS total score appeared (p = .07), and a significant correlation between SRS and SCL during 
























figure 5. Scatterplot for correlation between autism severity (SRS-A Total) and skin conductance level (SCL; 
mean) during stimuli for all participants (N = 61).
Emotional Awareness
The scores of  intensity ratings showed that both TD and ASD participants chose the exact same 
two emotions for each video clip. (Figure 6). This result indicated that video clips elicited similar 
emotions in both groups. However, the overall intensity levels of  these emotions was perceived 








figure 6. Emotional awareness reported for each video clip in the ASD (n = 51) and TD (n = 27) group. Error 
bars represent standard deviation of  the mean.
dIsCussIon
The primary goal of  this study was to investigate social attention and emotional responsive-
ness to emotional situations in adults with and without ASD. Contrary to our expectations, the 
results did not show a significant difference in social attention between young adults with ASD 
and their peers although there was a trend towards less attention for faces in autism. However, 
lower baseline arousal and lower arousal during processing of  social emotional information 
was observed in ASD individuals, while reactivity from baseline to social emotional stimuli did 
not differ between the groups. The second goal of  the study was to investigate whether social 
attention and emotional arousal can be related to autism symptom severity. Lower fixation on 
faces indicated higher severity of  autism symptoms. Also, higher levels of  arousal were found 
to be associated with lower symptom severity. The association between both social attention 
and emotional arousal with autism symptom severity suggests that they could be candidates for 
broader phenotype autism traits (Dawson et al., 2002). Finally, in line with our expectations, ASD 
participants reported lower intensity of  emotional awareness when exposed to social emotional 
stimuli compared to their TD peers.
The finding of  no differences in social attention between the autism and the control group in 
this study, is not in line with previous studies showing less social attention in ASD (Birmingham, 
Bischof, & Kingstone, 2008; Chevallier et al., 2015; Hanley, McPhillips, Mulhern, & Riby, 2013). 
























ASD adults viewed eyes and mouths for a similar amount of  time as their TD peers. However, 
the correlation between fixating at the faces and self-reported autism symptom severity found 
in this study indicates that those at the extreme end of  the ASD continuum tend to fixate less 
at social cues, which might affect their social competence in general. This is in line with earlier 
findings by Norbury et al. (Norbury et al., 2009), who found that less relative fixation at eyes is 
associated with more problems in social competence in adolescents with autism. We conclude 
that, even though these findings suggests that less attention to the environment and to specific 
social cues does not continue into adulthood for most individuals with normal IQ and autism, 
those individuals with higher autism symptoms severity may continue to show deviant social 
attention patterns while growing up. This should however be confirmed in a longitudinal study 
from childhood into adulthood.
The finding of  lower arousal observed at rest and during social emotional stimuli processing in 
the ASD individuals in this study is in line with previous findings in both children (Eilam-Stock 
et al., 2014; Schoen et al., 2009) and adults with ASD (Hubert, Wicker, Monfardini, & Deruelle, 
2009; Mathersul et al., 2013), and is suggestive of  fundamental abnormalities in the ANS in 
autism. Resting SCL influences elicitation of  an orienting response to salient information in the 
environment and assists in the generation of  action and approach within an organism. Atypical 
autonomic arousal could therefore play a role in preventing the individual from emotionally 
engaging in appropriate social behavior, even if  the explicit cognitive performance (e.g. verbal 
labelling) remains intact (Heims, Critchley, Dolan, Mathias, & Cipolotti, 2004). Mathersul et al. 
(2013) showed that in a subgroup of  ASD adults with lower arousal, resting SCL was related to 
poorer emotion recognition while the ASD group with high arousal performed similar to the TD 
group on emotion recognition. Moreover, the correlations between arousal and empathy scores 
showed negative correlations for both cognitive and affective empathy in the high- SCL ASD 
group, but only significant negative correlations with cognitive empathy in the low- SCL ASD 
group. This relation between arousal and processing of  emotions is further supported by a study 
combining skin conductance and neural responses during rest by Eilam-Stock et al. (2014), which 
reported lower SCR and a weaker correlation between arousal and frontal brain regions, impor-
tant for social cognition, emotion, and attention in the ASD group, compared to a TD group. We 
conclude that resting state arousal as well as arousal during processing of  emotional information 
is reduced in young adults with ASD and emphasize the importance of  considering baseline 
arousal levels in individuals with ASD, both in future studies and in treatment responsivity.
At the same time, self-reported emotional awareness appeared to be congruently reduced in 
the ASD group in this study. The lower rating of  emotions seems adequate, since the physiology 
measures suggest that these young adults with ASD were less aroused. This finding is in line 
with Dziobek et al. (2008) and Trimmer et al. (2017) in showing that adults with ASD show no 
difficulties in rating their own emotional reactions in response to stimuli. However, it should 
be taken into account that the high co-occurrence of  alexithymia (the subclinical inability to 







have interfered with the ASD participants’ ability to identify and report on their emotions as has 
been found before in a comparable, but independent, sample of  adults with autism (Dijkhuis et 
al., 2017). Future studies on emotional arousal in ASD are therefore recommended to include 
validated measures of  alexithymic traits to explain additional variance in the outcome measures. 
Furthermore, lower emotional arousal was found to be related to higher autism symptom severity 
for all participants. This finding suggests that emotional hypo-arousal may be linked to atypical 
social functioning in general but it might also implicate that those who report more problems 
in social responsiveness are more prone to low emotional arousal, while implicit processing of  
social emotional cues may not be atypical. This speculatively indicates an inadequate orientation 
and action response in autism. Lastly, the link between lower emotional arousal and higher au-
tism symptom severity indicated by higher SRS scores could be associated with atypical sensory 
responsiveness in autism (Hilton et al., 2010). Social interactions provide high sensory input, 
which might be challenging for autistic individuals to process and respond accordingly given their 
sensory atypicalities (Thye et al., 2018). Therefore, future research should consider the role of  
sensory experiences in explaining basal autonomic arousal and autonomic reactivity to socially 
loaded situations.
In this study several limitations exist. First, the current sample consists of  a group of  ASD 
individuals with above average IQ and a moderately sized control group, both of  whom included 
only a small proportion of  female participants, which narrows the generalizability of  the find-
ings. Second, use of  the SRS-A self- report for screening intelligent adults with autism, who 
might be extra aware and able to verbalize any problems they experience in social responsiveness, 
is suboptimal. Third, AOIs for eyes and mouth might have been too small in some video clips 
to detect group differences, however larger AOIs could not be defined as that would result in 
overlap between the AOIs leading to false positive fixations (Orquin, Ashby, & Clarke, 2016). 
Also, the background of  the video clips was computed by detracting faces from the whole 
screen, while no other distinction was made between social and non-social cues. Future studies 
using dynamic video clips could make a clearer distinction between social and non-social cues in 
the background, and are advised to use substantially large AOIs. And even though the video clips 
were counterbalanced, it is still possible that the order in which they were presented introduced 
interaction effects that may have influenced our findings. Another limitation of  the current study 
is that participants were not excluded based on their current medication use, while medication 
use can have an effect on arousal. To check for potential influence of  medication, post hoc 
analyses were run without participants who use medication that can have an effect on the arousal 
measurements and this did not affect the outcome in terms of  significance. Therefore, it was 
decided to keep medicated participants in the dataset to maximize representativeness of  our 
sample for the general ASD population. Finally, the fact that ASD participants were not tested in 
the lab while the control participants were, could have had an influence on our results as techni-
cal problems with our testing devices were more easily resolved in the lab environment than 
























inclusion by providing on-site assessments outweighed the potential disadvantage of  introducing 
measurement error due to site differences.
In conclusion, these findings may partially help explain why young adults with ASD are less 
inclined to show adaptive social behavior in an emotionally-loaded context. Improving emotion 
regulation in ASD deserves our full attention as this might help these young adults in navigating 
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Chapter 5
Emotional arousal during social stress in 
young adults with autism who are enrolled 
in higher education: Insights from heart rate, 
heart rate variability and self-report
 
This chapter was published as: Emotional Arousal During Social Stress in Young 
Adults With Autism: Insights From Heart Rate, Heart Rate Variability and Self-Report. 
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In order to better understand which factors play a role in non-adaptive social behavior in autism 
spectrum disorder (ASD) we looked into physiological arousal and awareness of  one’s own emo-
tions. Heart rate (HR) and heart rate variability (HRV) were measured during a public speaking 
task in 47 young adults with ASD and 27 typically developing (TD) controls. The results showed 
no significant group differences in baseline HR/HRV, HR reactivity (change from baseline to 
the speaking task) or self-reported emotional awareness. However, adults with ASD showed 
significantly lower HRV reactivity (p = .023, d = 0.6) compared to TD adults. These results sug-
gest a mismatch between arousal regulation and emotional awareness, which may be related to 






















Autism spectrum disorder (ASD) is a complex condition with impairments in socio-emotional 
functions, stereotyped behavior and atypical sensory behaviors. The problems many individuals 
with ASD encounter in social functioning have been related to arousal, attention abnormalities 
and deficits in emotion regulation (Mazefsky et al., 2013). Emotion regulation is a complex and 
multifaceted construct that involves physiological, behavioral and cognitive processes, which 
allow an individual to monitor, evaluate, and modify emotional reactions to accomplish one’s 
goals (Adrian et al. 2011; Thompson et al. 2008) and the number of  studies showing that children 
with ASD have difficulties regulating their emotions has accelerated over the past few years 
(Bachevalier and Loveland, 2006; Guy et al., 2014; Loveland, 2005; Mazefsky et al., 2013; Samson 
et al., 2015; Zantinge et al., 2017). Being able to accurately label negative emotional states is 
considered a fundamental prerequisite for adequate coping with the emotional consequences 
of  a social situation and for managing associated behavioral impulses, leading to better social 
adaptation (Barrett et al., 2001).
Even before an individual (un)consciously acts to control his/her emotions, internal regula-
tory processes take place at a physiological level. When perceiving a stressor, for example a 
critical evaluation by an audience, self-regulating processes start by automatically activating the 
autonomic nervous system (ANS) (Sapolsky, 1998). Within the ANS, beat-to-beat heart rate 
(HR) and the variation in time between heartbeats, also known as cardiac control or heart rate 
variability (HRV), plays an important role. Previous studies have suggested that HRV is related 
to socio-emotional behaviors and skills like social responsiveness, emotion recognition, peer en-
gagement and spontaneous eye gaze in both children with- and without autism (Bal et al., 2009; 
Eisenberg et al., 2010; Fabes et al., 1993; Heilman et al., 2008; Henderson et al., 2004; Patriquin 
et al., 2014; Patriquin et al., 2011). Two commonly cited models that argue for the importance 
of  HRV in relation to socio-emotional behaviors are: (1) The Polyvagal Theory (e.g. Porges 
2001, 2007; Porges et al., 2013), which asserts that individual differences in HRV (an index for 
vagal tone as measured with respiratory sinus arrhythmia; RSA) mediate emotion regulation and 
expression; and (2) The Neurovisceral Integration Model (e.g. Thayer and Lane, 2000; Thayer 
et al., 2012), which posits that a core set of  neutral structures integrates signals from inside and 
outside the body to assess whether the physiological state of  the body, cognition, perception and 
action match the environmental demands. HRV may therefore be a good marker for investigating 
behavior in socially changing environments in individuals with ASD. In their paper, Thayer and 
Lane (2000) argue that people with low HRV are less able to detect and experience safety, even if  
it is present, and experience difficulties with affective information processing.
Many studies have reported on physiological arousal in children with ASD and results are 
suggestive of  normal HR during rest compared to typically developing (TD) controls (Benevides 
and Lane, 2015), but lower HRV (Bal et al., 2009; Klusek et al., 2014; Ming et al., 2005; Neuhaus 







activity to the task-engaged phases (phasic) is indicated by reactivity and reflects the alertness of  
the body to the demands of  the environment. Studies with children and adolescents with ASD 
have shown less HRV reactivity to challenging tasks compared to TD controls (Althaus et al., 
1999; Toichi and Kamio 2003; Van Hecke et al., 2009). An example of  a social task that triggers 
high arousal levels is the Trier Social Stress Test (TSST; (Kirschbaum et al., 1993). The TSST 
consists of  a presentation task and serial subtractions in front of  a jury with the goal of  inducing 
evaluative stress. The advantage of  using the TSST is that it is a laboratory-controlled assessment 
evoking negative emotions through stressful tasks in a social-evaluative situation, allowing for 
experimental induction of  emotional arousal and the observation of  reactivity from baseline 
to challenging conditions. In a meta-analysis (Shahrestani et al., 2015) of  studies reporting on 
HRV during social interaction tasks like the TSST in adolescents and adults with- and without 
psychopathology, it was found that TD participants showed reduced HRV from baseline to 
stressful tasks in the TSST, while those with psychopathology did not. So far, studies in youth 
with ASD using the TSST show contradicting results. Edmiston et al. (2016) found that male 
adolescents with ASD showed less change in RSA throughout the TSST compared to their TD 
peers while others have reported no differences in HR or HRV reactivity between children and 
adolescents with ASD and TD controls (Levine et al., 2012; Mertens et al., 2017). However, the 
ASD groups were small (n ≤ 20) in these studies. In a study by Hollocks et al. (2014) 20 ASD 
subjects, 32 ASD subjects with a comorbid anxiety disorder and 23 controls were evaluated. 
No group differences were detected in any of  the HRV measurements during the TSST, but a 
blunted HR and cortisol response to the psychosocial stress was detected in the ASD group. As 
the ANS is known to mature through childhood, with older children showing better regulation 
of  emotion than infants (Porges et al., 1994) and stability of  physical activity is lower in early 
childhood than in adulthood (Telama, 2009), it would be valuable to see if  these findings can be 
replicated in adults with ASD.
Only few studies have been published on arousal in adults with ASD, which have found 
comparable HR and HRV during rest (Smeekens et al., 2013; Toichi and Kamio, 2003) and in 
response to social tasks (Smeekens et al., 2013), compared to TD peers. In studies using the 
TSST, blunted HR reactivity has been found in adults with ASD (Jansen et al., 2006; Smeekens 
et al., 2013) compared to adults without ASD, indicating a decreased physiological response to 
the stressful phase. However, to our knowledge, HRV reactivity has not been reported in adults 
with ASD and none of  the studies mentioned above included a simultaneous self-report measure 
for emotional awareness, which could provide more insight into the conscious processing of  
physiological arousal in ASD.
A few existing studies have addressed emotional awareness of  arousal in ASD without physi-
ological measures. In a study by Bölte et al. (2008), a small group of  adults with autism reported 
higher levels of  experienced arousal when viewing neutral pictures and lower arousal when view-
ing sad stimuli compared to TD controls, which is suggestive of  deviant awareness of  emotional 





















have found that they are generally less able to identify and describe their own emotions (Dijkhuis 
et al., 2017; Hill et al., 2004; Samson et al., 2012; Ziermans et al., 2019). It has also been shown 
that, compared to TD individuals, adults with ASD report higher levels of  negative emotions 
but similar levels of  positive emotions (Samson et al., 2012) and in children and adolescents with 
ASD emotion dysregulation appears to be related to all core features of  the disorder (Samson 
et al., 2014).
The current study aimed to further address the contribution of  emotional arousal regulation 
to social (dys) functioning in young adults with ASD. Physiological measures were included in a 
social stress paradigm to investigate if  young adults with ASD would display deviating levels of  
arousal regulation compared to their TD peers. Specifically, it was hypothesized that individuals 
with ASD would show less HR and HRV reactivity in response to social stress than TD individu-
als, since reactivity from baseline to stress is considered to be a marker for adaptation to changing 
environments. Also, based on previous research, we expected comparable HR during baseline 
and stressful tasks, but lower baseline HRV in the ASD group compared to TD controls. In ad-
dition, it was expected that ASD individuals would show less self-reported emotional awareness 
after task completion than their TD peers.
MeThods
Participants
Fifty-one young adults with ASD (Mage = 22.48, SD = 2.43) and 28 TD peers (Mage = 20.65, 
SD = 1.57) were recruited for this study, which is part of  a study project on study progress and 
quality of  life in students with ASD within the higher education system. All participants were 
postsecondary students enrolled in higher education in the Netherlands. To increase generaliz-
ability, both males and females were included in the study and the groups were matched on sex 
(both 72% male). The ASD group was recruited through Stumass; a non-profit organization 
providing group home accommodation and services for students with ASD who are enrolled 
in university programs or universities of  higher professional education. The goal of  Stumass is 
to support students towards independency in personal, social and academic life. In order to be 
enrolled in Stumass, applicants are required to have received a recent formal clinical diagnosis 
of  ASD based on the Diagnostic Statistic Manual of  Mental Disorders (DSM) criteria (ver-
sion dependent on what was customary at the time of  referral), provided according to Dutch 
protocol. An additional requirement for enrollment in Stumass is that psychiatric co-morbidity, if  
present at entry, is either in remission or of  minimal impact on daily functioning of  the student.
For the control group, college students from the city of  Leiden and neighboring regions were 
recruited through information brochures and an online student recruitment platform at Leiden 
University. Extra emphasis was placed on recruiting across different higher education faculties to 







a DSM diagnosis during their lifetimes, were not included in the control group. In order to 
screen for global level of  autism symptom severity, the Dutch self-report version of  the Social 
Responsiveness Scale for Adults (SRS-A; Constantino and Todd 2005) was administered to all 
participants. An additional exclusion criterion for both groups was an Intelligence Quotient (IQ) 
below 80, which was checked by the V-BD short form. Total IQ was estimated based on a long-
standing method in the short-form literature with the formula [3 × (sum of  normed scores) + 40] 
(Tellegen and Briggs, 1967). The V-BD short form correlates highly with the estimated Full Scale 
Intelligence Quotient (TIQ) of  the WAIS-IV (r = 0.86) (Denney et al., 2015) and is considered 
a valid estimation of  intelligence, with good reliability and validity in both clinical (Denney et 
al., 2015; Girard et al., 2015) and non-clinical populations (Crawford et al., 2008). For their par-
ticipation in the study all participants were rewarded with a voucher of  20 Euros. The research 
protocol was approved by the Medical Ethics Committee of  Leiden University Medical Center 
and written informed consent was obtained from all participants before participation.
At the time of  assessment nineteen participants in the ASD group were on (multiple) pre-
scribed medications, including medications that are known to influence ANS functioning, see 
Table 1 for a complete overview. TD participants that reported current psychotropic medication 
use (n = 2) were removed for further analyses. As medication effects on physiological arousal 
have generated conflicting results in ASD and the literature is inconclusive about reliable at-
tenuation or elevation of  situational arousal (Mertens et al., 2017), it was decided not to exclude 
participants based on medication use but to control statistically for the influence of  medication 
with a (potential) registered effect on HR and HRV.
Table 1. Medication use
Type of  medication Active ingredient














The task used in this study is based on the public speaking paradigm of  the TSST, which is 





















robust arousal responses when compared with other stress tasks (Dickerson and Kemeny, 2004). 
The task was adapted in a manner to create a “real-life” scenario for higher education students, 
as they are required to give presentations and talks in front of  their peers and increasingly via 
online platforms throughout higher education. The paradigm consisted of  the following phases 
(see Fig. 1): (1) a neutral video of  a nature scene without sound (baseline measure; 5 min), (2) 
explanation of  the upcoming presentation phase by the experimenter, (3) preparation phase for 
delivering a personal presentation (7 min), (4) presentation in front of  a jury member via webcam 
(6 min), and (5) a questionnaire concerning emotional awareness and verbal debriefing.
figure 1. The social stress task paradigm
One of  the investigators was present in the room—outside of  view of  the participant—be-
hind a laptop to insert the markers for synchronizing eye tracking and arousal data, and another 
was the designated instructor adjacent to the participant. After the baseline measure, the instruc-
tor informed participants that they had 7 min to prepare a story about themselves and would 
present their story in English to an international jury member via a live webcam connection. 
The instructor told the participants that the jury member was instructed not to speak to the 
participant during the presentation. In reality participants were shown a pre-recorded video clip 
of  an actor staring directly into the camera who showed minimal movement and did not talk, 
leading the participant to question the accuracy of  their own behavior and presumably facilitating 
negative emotional arousal. After the preparation phase, the instructor set up a video camera and 
informed the participant that their performance would be recorded, evaluated and compared to 
other participants in the study. The investigator behind the laptop made a sham online connec-
tion with the jury member and the participants were prompted to start their presentation once 
the video appeared. After 6 min, the actor in the video made a stop signal with her hands to 
indicate the end of  the presentation phase. If  the participant stopped talking prior to the 6-min 
mark, the experimenter verbally encouraged the participant to continue talking. The participants 
remained seated behind the laptop throughout the entire task. Additionally, the experimenter 
assisted if  necessary with the questionnaires in between videos to ensure minimal movement.
Visual Attention
To monitor attention directed towards the social stressor (the jury member during the presenta-
tion phase) and to be able to control for any group differences in focus on the social stressor, 
eye tracking was used to measure gaze behavior. The videos of  the Social Stress Task (for the 







processed by the Tobii T120 Eye Tracker (Tobii Technology, Sweden). Gaze behavior during 
the presentation phase was measured with the Tobii eye tracker, which records the X and Y 
coordinates of  participant’s eye position by using corneal reflection techniques. Gaze fixations 
and pupil responses were sampled at a frequency of  120 Hz. Gaze data were processed in Tobii 
Studio (3.2.1) using the Tobii I-VT filter. A dynamic AOI of  the face of  the jury member was 
defined in Tobii studio with the ‘Dynamic AOI (Area of  Interest)’ tool, using freeform and 
ellipse shapes. The face AOI was defined with 1 cm margin; large enough to reliably capture the 
gaze fixation (Hessels et al., 2015). In Tobii studio, visit duration at the whole screen and fixation 
duration at the face AOI was calculated for the presentation task. Visit duration represents the 
time spent gazing on a specific AOI while fixation duration is defined when an eye movement 
does not exceed 30°/s within a 40-pixel diameter region, indicating that the gaze behavior is 
long enough to infer that the participant was actually processing information (Olsen, 2012). 
The percentage of  valid data was calculated by dividing the total visit duration at the screen by 
the duration of  the presentation. On average participants gazed 44.4% of  the time at the jury 
member while presenting their story; for the ASD group this was 43.6% and for the control 
group 45.6%.
Emotional Arousal
The ECG data for the heart rate assessment was collected with a Biopac MP150 Acquisition 
System (Biopac Systems Inc., Santa Barbara, CA) at a rate of  1000 samples/s using Acqknowledge 
software (Biopac System Inc.) throughout the experiment and analyzed afterwards using MAT-
LAB Release 2012b (The MathWorks, Inc., Natick, Massachusetts, United States). Two Covidien 
Kendall Meditrace 200 ECG electrodes were placed on the chest of  the participants in a II-lead 
configuration: below the collarbone and at the left rib of  the participant. For the ECG ground 
measurement, a Vin-GSR electrode (Biopac 2014) was used. When a good ECG signal could not 
be collected due to chest hair, the electrode placed below the collarbone was moved to the right 
shoulder of  the participant. A 2 Hz highpass filter and a 50 Hz notch filter were applied in Ac-
knowledge to stabilize the ECG signal. An automated peak detection algorithm was used in MAT-
LAB and peaks and inter-beat intervals (IBIs) were visually inspected and manually corrected by 
a trained researcher (RD). From the successive normal IBIs the square root of  the mean squared 
differences (rMSSD) were calculated. This is recommended for calculating high-frequency HRV 
from a short-term recording with durations of  several minutes (Task force of  The European 
Society of  Cardiology and the North American Society of  Pacing and Electrophysiology, 1996). 
The average HR (beats per minute; BPM) for each minute was extracted from the baseline. To 
control for individual differences, the minute with the lowest HR mean was determined for each 
participant individually. These 1-min sections served as a baseline contrast for the means during 
the presentation phase. For HRV, however, the baseline mean was calculated for the total baseline 
duration and used for comparison to the following stressful phases, as time domain methods of  





















variables therefore require similar durations of  tasks. Given that the stressful phase lasted six 
minutes, the mean average of  the total baseline (5 min) was used for baseline HRV.
Emotional Awareness
A self-constructed questionnaire, based on similar questionnaires for identifying emotions that 
have been used before (for example by van Rijn et al., 2014), was used prompting patients to 
describe how they felt during the presentation. These emotions were derived from Parrott (2001) 
as they were considered to be relevant for the stress paradigm. Participants were asked to indicate 
with a slider how intensely they experienced a set of  twelve different emotions (happy, frustrated, 
insecure, panic, enthusiasm, unpleasant, embarrassed, anxious, relieved, irritated, rejected and 
tense) on a continuous line of  10 cm with a scale from 0 to 100 for each of  the emotions by 
digital query on a tablet. To assess internal validity, Cronbach’s alpha was calculated and resulted 
in α = 0.77, which indicates a good level of  internal consistency for the questionnaire within this 
sample.
Procedure
Control participants were tested at Leiden University and ASD participants were tested in Stu-
mass residential houses. In all cases, the experiments were conducted in a quiet and stimulus-free 
room during day-time. The assessment consisted of  a first part with neurocognitive tests and a 
second part with paradigms measuring arousal regulation during social situations, containing the 
Social Stress Task described above. First, among other cognitive tasks, the V-BD short form of  
the WAIS-IV was administered. After a 10-min break, the participants returned to the testing 
room where the electrodes were attached. After filling out a questionnaire, the autonomic arousal 
measurement was started and the signal quality was checked. The participant was seated 60 cm 
from the screen and then the eyes were calibrated with the eye tracker using a five-point calibra-
tion. The participants were instructed to sit as still as possible throughout the experiment. The 
instructor told the participant to look at the screen before starting the Social Stress Task. After 
the final phase, participants were given a questionnaire to reflect on their emotional awareness 
and thoughts during the presentation phase. The instructor noted the answers by digital query 
on a tablet. Total assessment time of  the Social Stress Task was approximately 35 min. At the day 
of  the experiment, participants received an invitation to fill out online questionnaires at home 
concerning demographic variables and social-cognitive functioning, among which the SRS-A 
questionnaire.
data analysis
All analyses were conducted in IBM SPSS (v.21). Level of  significance was set at p < 0.05. In 
the case of  group differences, Cohen’s d was calculated as a measure of  effect size. All data 
was checked for normality of  the distributions using histograms and boxplots, and z-scores 







and focused on the face of  the jury member equally, independent t-tests with respectively visit 
duration to the whole screen and fixation duration at the face were conducted. For the arousal 
measures, group differences in baseline HR and HRV were tested with independent t-tests. In 
order to test whether the paradigm successfully induced stress and for testing group differences 
in reactivity, a repeated measures (RM) analysis of  variance (ANOVA) was conducted with condi-
tion (baseline and presentation) as within-subject factor and group as between-subject factor for 
the two measures separately.
To test a possible group difference in emotional awareness, a multivariate ANOVA was con-
ducted. Dependent variables were the self-reported awareness scores for all 12 emotions and 
group (ASD or control) was entered as the between subjects factor.
As age and total IQ differed significantly between groups, the relation with total visit duration 
at the screen, fixation at faces and baseline HR and HRV was analyzed by generating (nonpara-
metric) correlations for both groups separately. No significant relations were detected. We also 
investigated possible relations between baseline HR and HRV and the factors that are known to 
influence HR(V) measurements: medication use (Kushki et al., 2014; Quintana et al., 2016; Silke 
et al., 2002) and sex (e.g. Sztajzel et al., 2008). No significant relations appeared for medication 
and sex with baseline HR and HRV and therefore none of  these variables were included as 
covariates in further analyses.
results
One participant in the TD group dropped out because of  technical problems (n = 1) and in the 
ASD group four participants dropped out due to technical problems (n = 2), incomplete assess-
ment (n = 1), and physical discomfort due to the electrodes (n = 1). The sample characteristics for 
sex, age and estimated IQ for the remaining participants are given in Table 2. The groups were 
matched with regard to sex (χ2 (1) = .07, p = .51), while the ASD individuals were significantly 
older than the TD group (t(77,9) = 4.18, p < .001). IQ scores were all above 80, but differed 
between groups such that ASD participants had a higher mean score than the TD group, p < .001. 
The individuals with ASD reported to have significantly higher SRS-A total scores and subscale 
scores than TD individuals, p < .001. (Table 2).
Table 2. Group characteristics
ASD (N = 47) TD (N = 27) t/ χ²/F p
Male sex (%) 74.0 74.1 χ² = .00 (1) .99
Age in years, M (SD) 22.47 (2.47) 20.60 (1.52) t = 4.18 (77,9) <.001**
WAIS- IV Total IQ, M (SD) 117.82 (10.43) 107.78 (11.69) t = 3.97 (78) <.001**
SRS-A Total Scorea, M (SD) 62.10 (9.62) 50.04 (11.23) F = 23.55 <.001**
*p < .05; **p < .001





















At the beginning of  the presentation phase, four participants in the ASD group dropped out 
because they found the phase too difficult to complete. For these participants, eye tracking and 
emotional awareness data were discarded and only the physiology data from the baseline phase 
was used for group comparisons.
Visual attention
Ten participants were excluded for the eye tracking data analysis to control for attention because 
of  technical problems with the hardware (ASD; n = 3, TD; n = 7); final analyses included 44 ASD 
and 20 TD subjects. There were no group differences in total visit duration (t (62) = .32, p = .75) 
or in fixation at faces (t (26,87) = 1.03, p = .31), see Table 3.
For the ECG analyses, four participants were excluded: one ASD participant for all analyses; 
two ASD participants for HRV analysis only because they represented multivariate outliers; and 
one control participant for HRV analysis only because of  technical problems with the hardware. 
Final sample numbers are provided in the figures and tables.
Group differences in heart rate
No significant differences in baseline HR were found between groups (p = .38), see Fig. 2. The 
RM ANOVA analysis to test change in HR from baseline to the stressful phases resulted in a 
main effect for condition (F (1,71) = 252.98, p < .001). No group by condition interaction effect 
(p = .13) was present. These results indicate that HR was increased in the stressful phases, while 
no group difference in HR reactivity became apparent (p = .14), see Fig. 2.
figure 2. Plot of  mean heart rate (HR) across the baseline and presentation phase for each group (error bars dis-
playing SEM).
Table 3. Gaze behavior: group mean (standard deviation)
ASD (n = 44) TD (n = 20) p
Visit duration whole screen (sec) 156.87 (81.43) 164.12 (89.01) .310
Fixation duration AOI face (sec)a 45.75 (29.60) 57.45 (46.17) .760







Group differences in heart rate Variability
No significant differences in baseline HRV appeared between groups (p = .70), see Fig. 3. A 
RM ANOVA analysis to test change in HRV from baseline to the stressful phases resulted in a 
main effect for condition (F (1,68) = 8.35, p = .005), and a significant group-by-condition interac-
tion effect (F (1,68) = 5.37, p = .023). The significant interaction effect indicated that the ASD 
individuals showed different HRV reactivity compared to the TD individuals. Figure 4 shows this 
difference; for the control group, HRV lowers from baseline to task, while no change can be seen 
in the ASD group. The effect size of  the group difference in reactivity (i.e. delta score rMSSD) 
was d = 0.6 from baseline to presentation, indicating a medium effect size.
emotional awareness
Three multivariate outliers (score > 3 SD from group mean on at least 2 emotions) were deleted 
from the dataset (n = 2 in the control group, and n = 1 in the ASD group). The MANOVA 
showed no significant difference in awareness of  emotions between the ASD and the control 
group, p = .44. Group means per emotion can be seen in Figure 4.
figure 3. Plot of  mean heart rate variability (HRV: rMSSD) across the baseline and presentation phase for each 





















figure 4. Emotional awareness during the presentation phase; group mean (error bars displaying SEM).
Exploratory correlational analyses showed no significant correlations between HRV and 
emotional awareness for the TD or ASD group. A single significant negative correlation between 
HR and feeling unpleasant (r = -.29, p = .047) was present in the ASD group.
dIsCussIon
The current study aimed to address the contribution of  emotional arousal regulation to social 
(dys) functioning in young adults with ASD, compared to their TD peers. Physiological arousal 
measures were included to investigate if  young adults with ASD would display lower cardiac 
control during rest and less reactivity compared to their TD peers, as a sign of  their physiological 
state not matching the environmental demands. Contrary to our expectations, the physiological 
arousal results showed comparable heart rate variability during rest and comparable heart rate 
reactivity to social stress between the autism and the control group. However, as hypothesized, 







ing less autonomic sensitivity to the stressful social situation. Finally, no overall difference in 
emotional awareness was found between the ASD and the control individuals.
The decrease in HRV in TD individuals from baseline to the stressful tasks found in this 
study reflects a change in parasympathetic outflow and is congruent with previous research in 
TD individuals with the TSST (Shahrestani et al., 2015) and other psychological stress tasks 
like the Stroop Word Color Conflict Test (Delaney and Brodie, 2000). Phasic HRV suppression 
is an autonomic response to stress, which reflects the withdrawal of  cardiac vagal control and 
the activation of  the defensive systems to cope with a stressor (Park and Thayer, 2014; Thayer 
and Lane, 2000). According to the Polyvagal Theory (Porges, 2003), lower control of  the vagal 
brake prevents individuals from rapidly engaging and disengaging from others and from self-
soothing behaviors and calm behavioral states, thereby preventing the establishment and success-
ful continuation of  social interactions. We therefore tentatively conclude that while their ANS 
adequately signals social stress, young adults with ASD show maladaptive cardiac control during 
arousal regulation, which may play a crucial role in the difficulties in social contexts that many 
individuals with ASD encounter. This is in line with earlier research in adolescents with ASD by 
Edmiston et al. (2016), that indicated that less change in RSA from baseline during the TSST 
was related to greater severity of  social problems in the ASD group. The authors concluded 
that the ASD participants showed reduced physiological self- regulation throughout the task. 
It is necessary to establish whether the finding of  atypical HRV reactivity to socially stressful 
situations can be replicated in additional, sufficiently large, ASD samples. If  so, then this would 
strengthen the notion that lower control of  the vagal brake (as reflected in less HRV reactivity) 
constitutes a physiological marker of  deviant functioning in social situations across the spectrum.
Given the finding of  lower HRV reactivity in the young adults with autism, it could be specu-
lated that one might expect higher levels of  self-reported negative emotions in these individuals, 
as their HRV response indicates that they were not able to regulate their stress effectively. The 
current findings showed no overall difference in emotional awareness between the ASD and the 
control individuals. Based on the heart rate data, our study suggests that awareness of  emotional 
arousal seems intact in young adults with ASD, but future research should aim to unravel the 
emotional consequences of  diminished HRV reactivity to the social environment.
A possible explanation for often reported difficulties with emotion regulation in individuals 
with ASD (Laurent and Rubin, 2004; Loveland, 2012; Nuske et al., 2013) is the high co-occurrence 
of  alexithymia (Bird and Cook, 2013). It has been found that alexithymic individuals show low 
within-individual correlations among physiological, subjective, and behavioral responses (Peasley-
Miklus et al., 2016; Taylor and Bagby, 2004) and alexithymia has been linked to diminished vagal 
withdrawal (Neumann et al., 2004). Future studies investigating emotional arousal regulation in 
ASD should therefore incorporate measures of  alexithymia, body awareness and interoception 
(perception of  bodily changes) to disentangle the role of  cardiac regulation in emotion regulation 
and the negative consequences this might have for social behavior in individuals with autism. 





















emotional awareness/arousal in autism are warranted, and we recommend to incorporate for ex-
ample heartbeat detection tasks and interoception questionnaires. Although exploratory analyses 
between physiological arousal and subjective awareness of  negative emotions in the current study 
rendered mostly negative results, a weak but significant contradictory relationship was present in 
the ASD group only (higher HR associated with feeling less unpleasant), which could marginally 
hint at a proneness for misinterpretation of  arousal signals in ASD.
It was also found in this study that both ASD and TD individuals focused very little on the face 
of  the jury member during the stressful task (< 25% of  the time), indicating high avoidance. As 
similar levels of  avoidance were found in both groups, the observed abnormal arousal response 
in the individuals with autism could not be explained by differences in attention to the face and 
thus exposure to the stressor. Previous studies did show atypical attention towards faces in adults 
with ASD (Baron-Cohen et al., 2001; Fletcher-Watson et al., 2009; Riby and Hancock, 2008). 
However, it has also been found that alexithymia predicts eye fixations in individuals with ASD 
(Bird et al., 2011). In the current study, the stressful situation might have influenced looking be-
havior in a way that maximizes avoidance, not only in the group with ASD but also in the control 
group. Future studies investigating simultaneous visual attention and response to stressful stimuli 
should therefore take into account that the nature of  the stressor might influence visual attention.
This study has several limitations worth noting. First, there was a significant age difference 
between groups. As a result of  many students with ASD experiencing study delay (Anderson et 
al., 2018), the mean age of  the controls was lower than of  the ASD group, affecting comparabil-
ity. However, the age range of  both groups fell well within the young adult age. Second, some 
researchers argue that the TSST is not a stressful task for individuals with autism (Lanni et al., 
2012). However, all participants showed an increase in arousal from baseline to stressful tasks 
and therefore we are confident that our experimental manipulation successfully induced stress 
in most participants, at least on a physiological level. Furthermore, besides co-morbidities, other 
variables such as physical exercise and body mass index have been suggested to influence HRV 
(Barutcu et al., 2005; Rennie et al., 2003) but were not controlled for in this study. However, well-
established factors influencing HRV, like medication use and age, were taken into consideration. 
Another strength of  our study is that we controlled for visual attention by using eye-tracking.
In conclusion, these findings suggest reduced physiological self-regulation to psychosocial 
stress in young adults with ASD. Furthermore, these findings suggest that regardless of  their 
high functioning in daily life -as reflected in high education levels and high IQ-, most of  these 
young adults with ASD show fundamental deviations in their arousal regulation compared to 
their TD peers. Deficits in arousal regulation may result in being overwhelmed by emotions, 
which interferes with competent functioning in social situations, but may also impair the overall 
quality of  life (Adrian et al., 2011; Mennin et al., 2007; Thompson et al., 2008). By investigating 
the relation of  HRV with social behaviors, for example in an interactive setting, and the effect of  
emotion regulation training on cardiac control in ASD, it will be possible to determine whether 
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In the current thesis the question was addressed whether quality of  life (QoL) and related factors 
are challenged in young adults with Autism Spectrum Disorders (ASD) in higher education. A 
comprehensive approach was used to better understand QoL and mechanisms of  self-regulation 
in this specific group of  young adults with ASD and average or above general intelligence. More 
specifically, self-report measures (to understand how these young adults see themselves and ap-
preciate their lives and their current situation), neurobiological, and neurocognitive measures 
were used.
In Chapter 2, it was investigated whether self-reported subjective QoL, emotion processing 
and daily executive functioning (EF) in young adults with ASD differ from TD peers. The results 
showed that subjective QoL was lower and emotion processing and daily EF less well developed 
in young adults with ASD compared to their typically TD peers. Problems in daily executive 
functioning were negatively related to subjective QoL to a greater extent than difficulties in 
emotion processing, indicating an important role for EF in QoL for young adults with autism in 
higher education.
In Chapter 3 we further explored whether daily EF and performance-based EF (mental flex-
ibility and working memory) predict objective QoL (e.g. academic progress) in addition to autism 
symptom severity in students with ASD enrolled in higher education. In line with the conclusions 
from Chapter 2, it was found that self-reported daily EF skills predicted academic progress, over 
and above autism symptom severity. Of  the explored functions, self-reported ability to plan/
organize was the best predictor of  academic progress in these students with autism. Although 
not significantly predictive of  academic progress on top of  autism symptom severity, the cogni-
tive performance EF results were compatible with the finding that poorer EF is associated with 
poorer academic progress. We conclude that executive functions play an important role in both 
subjective and objective QoL in higher education students with autism.
In Chapter 4 and Chapter 5 different levels of  information processing were examined with 
eye tracking and autonomic nervous system (ANS) measures as possible underlying mechanisms 
of  the social behavior difficulties that are often reported by clinicians and by individuals with 
autism themselves. First, it was tested whether young adults with- and without ASD differ in 
their social attention and emotional responsiveness in highly emotional contexts (Chapter 4). 
We found no differences in social attention or arousal reactivity between young adults with ASD 
and their peers, but overall lower arousal during rest and during processing of  socio-emotional 
information in young adults with ASD. In addition, less fixation on faces and higher levels of  
arousal were found to be associated with higher autism symptom severity across participants. 
This indicates that underlying regulation mechanisms of  social functioning do impact autism 
symptom severity, but large inter-individual differences were found within the ASD sample. 
Finally, a study investigating emotion regulation mechanisms in anticipation of  and during a 







in arousal as measured with heart rate were found in the ASD group compared to TD peers, 
while cardiac control (measured with heart rate variability) was maladaptive in the individuals 
with ASD. Based on these findings we conclude that for many young adults with ASD, their 
autonomic nervous system (ANS) reactivity might not support the regulation in response to 
environmental stress, like in typical developing peers. We suggest that deviating ANS functioning 
may play an important role in daily social functioning in ASD as these studies show that the 
contribution of  the ANS in socio-emotional and socially stressful environments is less optimal 
in young adults with ASD compared to their TD peers.
Overall, it is concluded that despite their above average or high intelligence, QoL is low in 
young adults with ASD. This thesis gives several leads for explaining this lower QoL. With self-
report and neurocognitive measures, strong relations have been shown between EF and QoL 
in young adults with ASD. While lower daily EF has been found to predict lower subjective 
QoL, both daily and performance-based EF appeared predictive of  lower objective QoL in 
young adults with ASD. Furthermore, emotion regulation seemed less well developed in these 
young adults with ASD compared to TD peers. Self-reported emotional processing was shown 
to be related to QoL in young adults with ASD. Arousal regulation appeared to be less sup-
portive in ASD compared to TD peers during social situations. These neurobiological findings 
in individuals with moderate to high IQ give important new leads for investigating mechanisms 
of  self-regulation in ASD.
General dIsCussIon
The main aim of  this thesis was to gain better insights into QoL and associated factors in young 
adults with ASD, who have average or above general intelligence. Knowledge about their quality 
of  life and daily functioning in higher education - and how it can be improved, is still scarce. This 
group of  young adults with average or above general intelligence has high potential but we are 
insufficiently equipped to support them to flourish in academia and make them feel appreciated 
and part of  our society. This research project is one of  the first to try and understand the 
underlying mechanisms that modulate their quality of  life and aims to provide leads into specific 
factors and mechanisms that may play an important role in their QoL. First, it was found that, 
regardless of  their high education levels and intelligence, young adults with ASD experience 
lower subjective QoL. Second, the combined findings of  our neurobiological, neurocognitive 
and behavioral data, seem to suggest that their self-regulation skills are sub-optimal, and that this 
affects their QoL. Our studies suggest that objective QoL (academic progress) is influenced by 
EF, and that subjective QoL is influenced by both EF and emotion processing skills in young 
adults with ASD. This relation between self-regulation skills and QoL is supported by the finding 
of  atypical arousal regulation upon the demands of  the social environment. The overall conclu-














ASD in higher education is low, and that of  all the possible factors related to their QoL, executive 
functioning is the most important one. Also, the role of  arousal regulation in daily functioning 
should be further investigated, as we conclude that ANS functioning seems diminished during 
socio-emotional information processing in students with ASD in higher education. While both 
ANS adaptivity and EF play a role in, for example, behavioral flexibility, which is very important 
in social situations, these findings give directions for future research and new leads for improv-
ing psychoeducation and intervention for individuals with ASD. Importantly, previous findings 
indicate that ANS functioning is already altered at a young age for individuals with ASD (Klusek 
et al., 2014), which might lead to higher levels of  experienced stress during development. This 
in turn could affect ANS functioning and subsequently emotion regulation and social behavior 
patterns. Our findings show that, despite higher levels of  intelligence and education, many 
students with ASD in higher education experience problems in emotion regulation and executive 
functioning, which affects their social adaptability. As it has been found before that executive 
functioning explains differences in emotion regulation beyond the contribution of  other self-
regulation components (e.g. effortful control, joint engagement) in children with ASD (Jahromi, 
Bryce, & Swanson, 2013), development of  EF skills might be at the core of  self-regulation 
development and improvement of  QoL in ASD, also in early adulthood.
self-regulation and quality of  life
Our findings in Chapter 2 showed that young adults with ASD and average or above general 
intelligence experience lower subjective QoL compared to their TD peers, which is consistent 
with previous claims that QoL in ASD is low across the lifespan (van Heijst & Geurts, 2015). 
On average, young adults with ASD reported to be less content in important qualitative aspects 
of  their lives, such as their physical condition, relationships and state of  mind. In addition, 
individuals with ASD reported more problems in daily EF and emotion processing. The finding 
of  altered emotion processing in young adults with ASD is consistent with earlier studies in 
adults with ASD (Berthoz & Hill, 2005; Hill, Berthoz & Frith, 2004) and women with ASD 
(Ketelaars et al., 2016). In a recent study within the same cohort (Ziermans et al., 2019), a rela-
tion between (cognitive) alexithymia and social engagement was found in young adults with and 
without ASS. Reflecting the impact on QoL, the results described in Chapter 2 show a statistical 
trend in the expected direction: i.e. fewer cognitions about emotional arousal were associated to 
lower subjective QoL in ASD. However, of  the two self-regulation domains measured (emotion 
processing and EF) in this study, only EF appeared to be a significant predictor of  subjective 
QoL in ASD. More problems in daily EF were related to a lower QoL. This association between 
EF and QoL corroborates previous findings in children with ASD (de Vries & Geurts, 2015). 
By zooming in on different aspects of  daily EF, we were able to detect that a specific combina-
tion of  increased problems with flexibility and self-evaluation explains lower subjective QoL in 
young adults with ASD. Self-evaluation refers to awareness of  one’s own social behavior and 







individuals with ASD have difficulties with monitoring their own intentions and emotions and 
find it difficult to view themselves in relation to others (Lombardo et al., 2010). The finding of  
lower flexibility in relationship to reduced QoL in this study seems to correspond with the often-
reported difficulties of  young adults with ASD, e.g. in school interactions with peers and teachers 
in dynamic classroom situations. Feeling that you cannot keep up with changing environments 
may have a significant impact on the experienced self-confidence, feelings of  competence and 
satisfaction and therefore experienced QoL.
autism symptoms, executive functioning and academic progress
Since subjective QoL is related to EF, we looked into the relation between EF and academic 
progress as an important parameter of  objective QoL. Therefore, we examined whether, in ad-
dition to autism symptom severity, both self-reported and (cognitive) performance executive 
functioning can predict academic progress in higher education students with ASD (Chapter 3). 
In line with our expectations, it was found that, even when taking the level of  autistic traits into 
account, self-reported daily EF is predictive of  academic progress in higher education students 
with ASD. Of  the self-reported EF skills, the planning and organizing factor seemed to be the 
best predictor of  study progress in young adults with ASD; with less problems in planning 
and organizing predicting higher academic progress. Problems in planning/organizing reflect 
impairments that are often reported by clinicians working with children with average or above 
general intelligence and ASD (American Psychatric Association, 2013). We found no predictive 
association of  self-reported or performance inhibition with academic progress. In Chapter 2 
we already reported that young adults with ASD experience more difficulties in most aspects 
of  behavioral EF (for example planning, working memory and cognitive flexibility) compared 
to their TD peers, but not for inhibition. In earlier studies using procedural EF tasks, such as 
the Stroop or Go/No Go-task, mixed results were found for inhibition in ASD (Hill, 2004). We 
conclude from these findings that adults with average or above general intelligence and ASD 
appear to experience fewer problems in basic EF like inhibitory behaviors, relative to other 
daily EF-related demands that ask for higher EF functions like planning and cognitive flexibility. 
Even though mental flexibility and working memory appeared not to be significantly predic-
tive of  academic progress, our results confirmed an association between EF functioning and 
academic progress in higher education students with ASD. This is in line with previous studies 
in both children (Assouline, Nicpon, & Dockery, 2012) and adults with ASD (Shmulsky et al., 
2017; Tops, Noens, & Baeyes, 2014), showing that cognitive flexibility and working memory are 
related to academic progress. Our findings are also in line with the notion of  more consistent 
EF impairments in ASD when self-report methods are used than when performance EF tasks 
are used on specific domains of  EF (Rosenthal et al., 2013; Van Eylen et al., 2015). We therefore 
conclude that EF plays an important role in academic progress for young adults with ASD. These 














different ages (Wallace et al., 2016). Conjointly, we conclude that EF predicts both objective and 
subjective QoL in ASD.
social attention and emotional responsiveness
To investigate underlying mechanisms of  social behavior; emotional reactivity, social attention 
and emotional awareness were compared between young adults with and without ASD. As resting 
state arousal influences elicitation of  an orienting response to salient information in the environ-
ment and assists in the generation of  action and approach within an organism, it is assumed 
that the overall lower autonomic arousal in ASD found in this study plays a role in preventing 
the young adults with ASD from emotionally engaging in appropriate social behavior while the 
explicit cognitive performance (e.g. verbal labeling) remains intact (Heims et al., 2004). This is 
in line with our findings in Chapter 2, showing that young adults with ASD show no difficulties 
in verbalizing their feelings while the intensity of  emotions accompanying cognitions was lower 
than for controls. The finding of  no differences in social attention between the ASD and the 
control group in this study, is not in line with previous studies showing less social attention in 
ASD at lower ages (Birmingham, Bischof, & Kingstone, 2008; Chevallier et al., 2015; Hanley et 
al., 2013). However, a trend for reduced attention to faces could be detected in the ASD group 
and a negative relation with self-reported autism symptom severity was found across participants. 
We therefore conclude that for individuals with average or above general intelligence, those with 
more ASD symptoms tend to fixate less at social cues. We hypothesize that this negatively affects 
their social competence and QoL. The finding of  lower arousal observed at rest and during 
social emotional stimuli processing in the ASD individuals in this study is in line with previous 
findings in both children (Eilam-Stock et al., 2014; Schoen et al., 2009) and adults with ASD 
(Hubert et al., 2009), and is suggestive of  fundamental abnormalities in the ANS in ASD in 
young adulthood. Mathersul et al. (2013) showed that in a subgroup of  ASD adults with lower 
arousal, resting SCL was related to poorer emotion recognition in others. We conclude that 
socio-emotional information processing is altered in young adults with ASD and emphasize 
the importance of  considering baseline arousal levels in individuals with ASD, both in future 
studies and in treatment responsivity. At the same time, we found that self-reported emotional 
awareness appeared to be congruently reduced in the ASD group in this study. The lower rating 
of  emotions seems adequate, since the physiology measures suggest that these young adults 
with ASD were less aroused, which again is in line with our findings from the study described 
in Chapter 2. Dziobek et al. (2008) and Trimmer et al. (2017) also found that adults with ASD 
show no difficulties in rating their own emotional reactions in response to stimuli. The finding 
that lower emotional arousal was related to higher autism symptom severity for all participants 
may indicate that emotional hypo-arousal is linked to atypical social functioning in general. It 
might however also implicate that those with more ASD symptoms are more prone to low 
emotional arousal, which might refer to an inadequate orientation and action response in ASD. 







dynamic video clips might have reduced the experimental effects. We conclude that lower arousal 
may explain why some young adults with ASD are less able to show adaptive social behavior in 
an emotionally-loaded context. One can imagine how showing less adaptive behavior in social 
contexts may deprive individuals with ASD from positive social experiences, and how this would 
negatively affect their QoL.
emotional arousal during social stress
It was expected that social stress influences emotional reactivity differently for individuals with 
ASD compared to typically developing controls. We measured self-regulation during a public 
speaking task (Chapter 5). A decrease in heart rate variability (HRV) from baseline to the 
stressful situation reflects a change in parasympathetic outflow, and that refers to a ‘normal 
reaction’ (Delaney & Brodie, 2000; Shahrestani et al., 2015). This phasic HRV suppression is 
an autonomic response to stress and reflects the withdrawal of  cardiac vagal control and the 
activation of  the defensive systems to cope with a stressor (Park & Thayer, 2014; Thayer & Lane, 
2000). When examining the ANS reaction from rest to stressful conditions, it was found that 
young adults with ASD displayed a comparable change in heart rate to controls at signaling the 
stressful situation. However, they showed maladaptive cardiac control, reflected in inadequate 
regulation of  the ANS response to the stressful situation. This is in line with earlier research in 
adolescents with ASD by Edmiston et al. (2016), who found that less reactivity was related to 
greater severity of  social problems in the ASD group. We suggest that this reduced physiological 
self-regulation might be a sign of  a bodily state that is not matching the environmental demands. 
According to the Polyvagal Theory (Porges, 2003), lower control of  the vagal brake prevents 
individuals from rapidly engaging and disengaging from others and from self-soothing behaviors 
and calm behavioral states, thereby preventing the establishment and successful continuation 
of  social interactions. We therefore tentatively suggest that the non-adaptive cardiac control 
during arousal regulation plays a crucial role in the difficulties in behavior in social contexts 
that many individuals with ASD encounter. It can be hypothesized that lower control of  the 
vagal brake (as reflected in less HRV reactivity) constitutes a physiological marker of  deviant 
functioning in social situations across the spectrum. Also, no overall difference in emotional 
awareness was found between the ASD and the control individuals, which suggests a mismatch 
between arousal regulation and emotional awareness during stress in ASD. Combined with the 
findings from Chapter 4, we hypothesize that these aberrant physiological reactions in individuals 
with ASD could lead to inadequate behavioral reactions and coping mechanisms. Several studies 
have shown that problems in emotion regulation may result in being overwhelmed by emotions 
in social situations and that problems in emotion regulation may affect QoL in general (Adrian, 
Zeman, & Veits, 2011; Mennin et al., 2007; Thompson, Lewis, & Calkins, 2008). Improving these 















limitations and future directions
Several important side notes need to be taken into consideration when interpreting the outcomes 
of  this thesis. A limitation of  our research might be that not all potential important domains 
for QoL were evaluated. Other factors that determine QoL like temperament, presence of  
comorbidities, or social support may influence subjective and objective QoL in young adults 
with ASD. Some of  these factors were not measured in our study and some were not included 
in the analysis, since combining all these factors in the analysis requires a much larger number of  
subjects to provide meaningful and replicable results. Also, for the physiological data analyses, 
other variables might have influenced the measurements such as physical exercise and body mass 
index, which have previously been suggested to influence HRV (Barutcu et al., 2005; Rennie et 
al., 2003). These were not controlled for in our study and should be considered in future studies. 
However, well-known noise-factors like medication use and age were taken into consideration 
and, contrary to most other ANS studies, we were able to monitor attention during stimulus 
presentation. This way, we were able to determine that a potential deviating ANS stimulus re-
sponse in the ASD group did not occur because of  reduced fixation to cues important for social 
understanding in the stimuli.
Regarding the physiology results it should be noted that previous research shows that for 
ANS measures (for example baseline HRV; Kuiper, Verhoeven & Geurts, 2017), subgroups can 
be made for adults with ASD. To better understand underlying mechanisms of  social behavior 
and to improve personalized treatment, more research of  this kind is needed. In the future, it 
is necessary to establish whether the finding of  atypical ANS functioning can be replicated in 
socio-emotional contexts in young adults with ASD. This holds especially true for HRV reactivity 
as the theories and growing knowledge concerning HRV as a marker for difficulties in regulation 
of  social functioning might be promising for use in developmental prediction of  psychopathol-
ogy and in evaluation of  treatment in the future.
Also, we decided to zoom in on social behavior as an important factor in the daily lives of  
young adults with ASD in higher education, while other core symptoms of  autism like sensitiv-
ity and rigidity were not investigated. Given the fact that social relations become increasingly 
important at adolescent age, we assumed this to be an important factor for QoL in young adults 
with ASD.
Finally, a narrowly defined group of  young adults with ASD and average or above general 
intelligence was investigated. Many young adults with autism and (above) average intelligence 
do not attend higher education, nor receive the same type or amount of  support. This limits the 
generalizability of  our results and should be taken into account when interpreting our results.
Despite those limitations we still feel confident to conclude that QoL and self-regulation skills 








Implications for students with asd in higher education
The findings described in this thesis suggest that, regardless of  their high level of  functioning in 
daily life, as reflected in high education levels, young adults with ASD experience lower QoL and 
aberrant self-regulation compared to typical controls. Next to the relations between QoL with 
EF and emotion processing, deviating physical arousal regulation in socially (stressful) situations 
was found in the young adults with ASD.
The predictive power of  specific EFs in the study described in Chapter 3, reflect the increasing 
everyday demands on planning and organization that students encounter in higher education. 
We recommend that students get the chance to improve their self-regulation by learning how 
to deal with for example unexpected blocks of  time because of  schedule changes while still in 
high school, or while preparing for higher education. For students with ASD already in higher 
education, EF can possibly be improved by teaching effective problem-solving and goal-setting 
skills (e.g. by the Stepped Transition in Education Program for Students with ASD (STEPS; 
White et al., 2017). Also, support groups with fellow ASD students, consisting of  weekly meet-
ings addressing common challenges experienced by autistic students in university settings, may 
enhance success for students with ASD (Hillier et al., 2018). Also, we would like to emphasize the 
importance for individuals with ASD to live in an environment where support is readily available 
which has been recommended before by Kamp-Becker et al. (2010) and Renty & Roeyers (2006). 
In Chapter 2 it is described that young adults with ASD experience higher satisfaction in associa-
tion to living arrangements compared to their TD peers, indicating that this is a crucial factor in 
their well-being. An explanation could be that the living circumstances of  the Stumass houses 
provide the young adults with ASD a safe, controllable environment that makes them value this 
part of  their lives more positive than controls do. The Stumass houses provide tutors to support 
living needs and the buildings are chosen or adapted to accommodate for common autism traits 
like oversensitivity and need for functionality.
Students with ASD should have the opportunity to gain insight in their self-regulation abili-
ties and those who experience problems with emotion regulation and/ or executive functioning 
should have an easy access to help from professionals with expertise on neuro-cognition. We 
suggest that the interactions between self-regulation and QoL are clarified in psychoeducation 
for adolescents and adults with ASD, building on the understanding of  the spectrum and broad-
ening options for support of  adaptive functioning during development.
For those with ASD who seek help, a stronger focus on the assessment of  daily functioning 
and EF is warranted. For improving cognitive flexibility in individuals with ASD, virtual reality 
training seems a promising new option (Parsons & Mitchell, 2002). Executive function training 
programs like ‘Unstuck and On Target’ seem to be promising interventions for improving plan-
ning/organizing, flexibility and problem-solving in ASD. A recent paper shows improvements 
in these areas in children with ASD after treatment with this program, even more than when 














determine the long-term effects and usefulness of  the program for young adults with ASD and 
average or above general intelligence.
While in general specific training of  different skills appears to be useful in improving daily 
functioning, other (less verbal) interventions such as mindfulness and creative therapy, may 
potentially be of  value in reducing stress and improving QoL. A study with youngsters with 
ASD showed an increase in quality of  life and a decrease in rumination after nine weekly group 
sessions of  mindfulness training (de Bruin et al., 2015).
Regarding emotion regulation, more research is needed to disentangle the underlying mecha-
nisms (e.g. suboptimal ANS functioning, alexithymia, a lifelong build-up of  stress) in ASD. 
As emotion regulation seems hampered, emotion regulation training like cognitive behavioral 
therapy could be useful (Scarpa & Reyes, 2011) to improve skills in talking about and changing 
thoughts accompanying emotions for young adults with ASD.
In some cases, pharmacological interventions with specific dopamine antagonists (for example 
risperidone) may be of  help in decreasing experiences of  being overwhelmed by stimuli. On the 
other hand, dopamine agonists, such as methylphenidate may help to increase the activation in 
the prefrontal cortex, thereby presumably also improving executive functioning in children with 
ASD (Pearson et al., 2013; Sturman et al., 2017). One of  the most important mechanisms behind 
effective treatments for ASD in general might be improvement of  self-regulation. It would be 
very interesting to investigate the effect of  for example mindfulness training on HRV reactivity.
Finally, a clinically relevant finding in our research was the negative relationship between age 
and subjective QoL in the ASD group. We speculate that this finding may reflect an increasing 
awareness of  lower subjective QoL compared to peers with age during young adulthood. As 
such, our study highlights the need for more attention to QoL in young adults by parents, teach-
ers, clinicians and students with ASD themselves.
Just like the student mentioned in the first paragraph of  the thesis introduction, a lifelong 
buildup of  negative social experiences can lead young adults with ASD to feel exhausted and to 
report lower subjective QoL than their peers, especially during successful functioning in higher 
education. The results from this thesis urge researchers and clinicians to develop interventions 
to improve EF and emotion regulation in individuals with ASD. Ultimately, this would improve 
social functioning, subjective wellbeing and academic progress in individuals with ASD, greatly 
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“Soms lijkt het net alsof  neurotypicals1 allemaal hetzelfde denken. Ze weten gewoon 
wat er wordt bedoeld wanneer ze opdrachten krijgen zoals ‘vat dit artikel samen’ 
of  hoe ze in bepaalde sociale situaties moeten handelen. Ik heb geprobeerd om 
elk detail van elke sociale situatie waarin ik ooit ben geweest te onthouden en 
telkens als ik in een nieuwe situatie ben, ‘flippen’ al deze ervaringen door mijn 
hoofd en probeer ik te bedenken wat ik moet doen en hoe ik moet handelen. Het 
is echt dood- vermoeiend. “
- Student met autisme (26)
Autismespectrumstoornis (ASS of  autisme) wordt gezien als een neurobiologische ontwikke-
lingsstoornis die gekenmerkt wordt door moeilijkheden in de sociale interactie en communicatie, 
alsmede door repetitieve gedragingen en beperkte interesses (American Psychiatric Association, 
2013). Deze symptomen beïnvloeden de ontwikkeling, het dagelijks functioneren en het welzijn 
(Baghdadli et al., 2012; Billstedt, Gillberg, & Gillberg, 2011; Deserno et al. 2018; Gillespie-Lynch 
et al., 2012; Lee et al., 2008 ). Het is dan ook aangetoond dat veel mensen met ASS gedurende 
hun leven een lagere kwaliteit van leven (KvL) ervaren dan hun leeftijdsgenoten (van Heijst & 
Geurts, 2015). Echter, vanwege de heterogeniteit (Jeste & Geschwind, 2014) en het ontwik-
kelingstraject van ASS (Seltzer et al., 2003) kunnen symptomen van ASS sterk verschillen tussen 
individuen en op verschillende leeftijden. Het is daarom belangrijk om meer te weten te komen 
over de factoren die de impact van ASS op het leven beïnvloeden.
Hoewel een aanzienlijk deel van de mensen die gediagnosticeerd zijn met ASS een milde 
tot ernstige verstandelijke beperking heeft, wordt geschat dat tussen de 0,8 en 1,9% van de 
jongvolwassenen voldoet aan de criteria voor ASS zonder (licht) verstandelijke beperking (LVB; 
gebaseerd op bevindingen in de Verenigde Staten (White, Ollendick, & Bray, 2011)). Ondertus-
sen blijkt een groeiend aantal studenten met ASS elk jaar in te stromen in het hoger onderwijs 
(Gelbar, Smith & Reichow, 2014; Jackson et al., 2018; VanBergeijk, Klin, & Volkmar, 2008; 
White, Ollendick, & Bray, 2011). Kennis over de mogelijkheden en uitdagingen voor deze groep 
jongvolwassenen met ASS, die door hun intelligentie in principe competent zijn voor het hoger 
onderwijs, is echter schaars. In het huidige proefschrift wordt getracht bij te dragen aan de kennis 
over deze groep studenten door de kwaliteit van leven onder jongvolwassenen met ASS in het 
hoger onderwijs in beeld te brengen. Daartoe werd zelfrapportage gecombineerd met neuropsy-
chologische en fysiologische onderzoeksmethoden.
Kwaliteit van Leven heeft betrekking op behaalde doelen en hoe tevreden mensen zijn met hun 
leven en hoe zij zich voelen in relatie tot hun doelen, verwachtingen, waarden en belangen. Voor 
mensen met autisme is het vaak een uitdaging om hun doelen in het leven te verwezenlijken en 
daarom is het belangrijk om van henzelf  te horen hoe zij tegen hun kwaliteit van leven aankijken. 














dagelijkse ervaring van bijvoorbeeld stemming, voldoening en plezier. Objectieve kwaliteit van 
leven wordt in beeld gebracht door bijvoorbeeld de woonsituatie of  het aantal diploma’s dat 
iemand behaald uit te vragen. Bij het bereiken van kwaliteit van leven wordt verondersteld dat 
zelfregulatie van belang is. Zelfregulatie kan worden gedefinieerd als het vermogen om emoties, 
gedachten (cognitie) en gedrag te beheersen, waardoor een individu een evenwichtig niveau van 
‘zijn’ kan handhaven dat positieve aanpassing bevordert, zoals weerspiegeld in positieve sociale 
relaties, productiviteit, prestaties en een positief  zelfgevoel (Blair & Diamond, 2008). Hoewel 
het niet expliciet is opgenomen in de diagnostische criteria van ASS, wordt problematische 
zelfregulatie vaak waargenomen bij personen met ASS (Barrett et al., 2013). Zo worden zelf-
regulatieproblemen al waargenomen bij kinderen met ASS in het eerste en tweede levensjaar 
(Gomez & Baird, 2005). Tijdens de normale ontwikkeling leren kinderen effectieve beheersing 
van emoties en (sociaal) gedrag. Dit kan bijvoorbeeld worden waargenomen door te beoordelen 
in hoeverre een kind makkelijk kan worden getroost na een nachtmerrie, in hoeverre een kind 
zorgzaam is voor een ander wanneer deze persoon gewond is en in de mate waarin een kind 
het spel met anderen initieert. Als adequate zelfregulering wordt belemmerd, kan dit leiden tot 
atypisch sociaal functioneren en sociale problemen.
In de afgelopen decennia werd veel onderzoek gedaan naar verschillende domeinen van 
cognitieve en emotionele zelfregulatie bij ASS. Zelfregulatie kan worden bestudeerd op neuro-
biologisch, cognitief  en gedrags- niveau. Op neurobiologisch niveau vinden, zelfs voordat men 
handelt om emoties of  gedachten te beheersen, basale, in aanleg geprogrammeerde processen 
plaats die gericht zijn op homeostase. Hieronder vallen bijvoorbeeld een fysiologische respons 
op stress (hartslag toename, bloeddrukstijging) en activatie van de amygdala. Op cognitief  niveau 
zijn executieve functies en aandacht belangrijk. Op gedragsniveau kunnen problemen met zelf-
regulatie leiden tot problemen in het flexibel omgaan met dagelijkse situaties die om aanpassing 
vragen waardoor gedragsproblemen kunnen optreden zoals woede-uitbarstingen en rigiditeit. 
Het meeste onderzoek naar zelfregulatie en autisme is tot dusverre bij kinderen uitgevoerd 
(Mukaetova-Ladinska et al., 2012). Hierdoor is de vraag of  problemen met zelfregulatie ook in 
de vroege volwassenheid gerelateerd zijn aan kwaliteit van leven grotendeels nog onbeantwoord. 
In dit proefschrift willen we de vraag beantwoorden of  ook bij jongvolwassenen met ASS die een 
opleiding volgen in het hoger onderwijs de zelfregulatie samenhangt met dagelijkse problemen in 
het functioneren en hoe de kwaliteit van leven zich verhoudt tot die van studenten zonder ASS.
De studies in dit proefschrift maken deel uit van het ‘Stumass onderzoeks project’. Stumass 
(studenten met ASS) is een organisatie die in 2009 werd opgericht om zelfstandigheid en welzijn 
onder jongvolwassenen met ASS in het hoger onderwijs te vergroten. Studenten kunnen bij 
Stumass wonen in een huis met maximaal acht anderen, waarbij zij dagelijkse begeleiding krijgen, 
of  zij kunnen (semi-)zelfstandig wonen, met ondersteuning van (wekelijkse) thuis begeleiding 
in de stad waar zij onderwijs volgen. De studenten worden ondersteund in het vergroten van 
hun veerkracht en gestimuleerd in het ontwikkelen van vaardigheden die nodig zijn voor een 










Om meer kennis te verwerven over de factoren die samenhangen met kwaliteit van leven van 
deze groep jongvolwassenen met autisme, is in 2013 het Stumass onderzoeksproject gestart. De 
bevindingen uit de studies van het project worden hieronder samengevat.
saMenVaTTInG
In de studies die worden beschreven in hoofdstuk 2 en 3 werd onderzocht of  executief  func-
tioneren van invloed is op kwaliteit van leven bij een groep studenten in het hoger onderwijs 
met autisme. Executief  functioneren verwijst naar een breed scala van cognitieve eigenschappen 
die nodig zijn voor de controle en uitvoering (regulatie) van complex gedrag en omvat verschil-
lende domeinen. Deze domeinen kunnen worden onderverdeeld in basale regulatiefuncties zoals 
aandacht, inhibitie, werkgeheugen en cognitieve flexibiliteit, die met name belangrijk zijn voor 
het reguleren van emoties en gedachten, en complexere regulatiefuncties zoals planning en pro-
bleemoplossing (Anderson, 2001; Pellicano, 2012), welke vooral belangrijk zijn voor het adaptief  
omgaan met complexe en uitdagende situaties.
subjectieve kwaliteit van leven en executieve functies
In hoofdstuk 2 wordt een studie beschreven naar kwaliteit van leven onder jongvolwassenen 
met autisme in het hoger onderwijs en wordt de vraag gesteld of  executieve functies en emo-
tieverwerking goede voorspellers zijn. Met emotieverwerking wordt in deze studie verwezen 
naar het identificeren, analyseren en verbaliseren van emoties. Uit het onderzoek bleek dat de 
jongvolwassenen met ASS hun kwaliteit van leven als lager beoordelen dan hun leeftijdsgenoten. 
Zij gaven aan dat ze minder tevreden zijn met belangrijke aspecten van hun leven zoals hun 
fysieke conditie, hun relaties en hun stemming. Tevens bleek dat de jongvolwassenen met autisme 
meer problemen ervaren in het dagelijks functioneren waarbij complexe executieve functies van 
belang zijn dan studenten zonder autisme. De resultaten laten zien dat van de executieve functies 
cognitieve flexibiliteit en zelfevaluatie (het vermogen om zich bewust te zijn van het eigen sociale 
gedrag en het potentiële effect daarvan op andere mensen) samenhangen met kwaliteit van leven 
in de autisme groep. Ook bleek dat de jongvolwassenen met ASS meer problemen ervaren in 
subjectieve emotieverwerking (specifiek met het identificeren en verbaliseren van emoties). Exe-
cutieve functies bleek een betere voorspeller van kwaliteit van leven te zijn dan emotieverwerking 
in de ASS-groep, waarbij betere executieve functies een hogere kwaliteit van leven voorspelde.
objectieve kwaliteit van leven en executieve functies
In hoofdstuk 3 wordt een studie beschreven waarbij werd onderzocht of  objectieve kwaliteit 
van leven onder jongvolwassenen met ASS in het hoger onderwijs mede voorspeld wordt door 
executieve functies. Om objectieve kwaliteit van leven te meten werd gekeken naar academische 














functies te kunnen meten werden zowel zelfrapportage vragenlijsten voor dagelijks executief  
functioneren als cognitieve prestatietaken (voor mentale flexibiliteit en werkgeheugen) afge-
nomen. In overeenstemming met de conclusies uit hoofdstuk 2 werd gevonden dat dagelijkse 
executief  functioneren de academische voortgang significant voorspelde onder jongvolwassen 
met autisme. Zelfs als gecontroleerd werd voor autisme symptomen bleek dagelijks executief  
functioneren een goede voorspeller van academische voortgang. Van de onderzochte zelfge-
rapporteerde functies was het vermogen om te plannen/ organiseren de beste voorspeller van 
academische voortgang. Hoewel niet significant voorspellend voor academische voortgang 
bovenop de ernst van autismesymptomen, bleek cognitieve prestatie op mentale flexibiliteit en 
werkgeheugen taken geassocieerd met academische voortgang.
Op basis van de bevindingen zoals beschreven in hoofdstuk 2 en 3 kan worden geconcludeerd 
dat met name executief  functioneren in het dagelijks leven een belangrijke rol speelt in zowel 
subjectieve als objectieve kwaliteit van leven voor jongvolwassenen met autisme in het hoger 
onderwijs.
emotieregulatie
Aangezien bij autisme de problemen in sociale situaties centraal staan en gezien de belangrijke rol 
die emotieregulatie speelt in het goed kunnen navigeren in sociale situaties was de hypothese dat 
een betere emotieregulatie zou samenhangen met een betere kwaliteit van leven bij jongvolwas-
senen met autisme. In de studies beschreven in hoofdstuk 4 en 5 werden verschillende aspecten 
van emotieregulatie onderzocht vanwege de veronderstelde samenhang met problemen in sociale 
communicatie.
Voordat een individu (on)bewust handelt om emoties en gedrag te beheersen, vinden allerlei 
interne processen op fysiologisch niveau plaats. Bij het waarnemen van een stressor, bijvoorbeeld 
een kritische evaluatie door toeschouwers bij een presentatie, worden zelfregulerende processen 
door het autonome zenuwstelsel automatisch geactiveerd (Sapolsky, 1998). Activiteit en verande-
ringen in activiteit binnen het autonome zenuwstelsel kunnen worden gemeten door bijvoorbeeld 
naar de hartslag (HR), hartslagvariabiliteit (HRV) en de huidgeleiding(SCL) te kijken. In tijden 
van stress versnelt de hartslag en worden zweetklieren geactiveerd die het huidgeleidingsniveau 
verhogen. Hartslag en huidgeleiding zijn indicatoren voor de arousal (mate van fysiologische 
opwinding) van een individu en ze worden verondersteld laag te zijn tijdens rust. Omdat arousal 
een modulerend effect heeft op emotieverwerking, sociale cognitie en besluitvorming (Damasio, 
1994), zijn HR en SCL belangrijke markers om te meten bij het onderzoeken van gedrag in een 
sociaal-emotionele context. HRV wordt gezien als een goede marker voor het onderzoeken van 
adaptief  gedrag in een meer dynamische sociale omgeving (Porges, 2007; Porges et al., 2013; 
Porges, 2001; Thayer & Lane, 2000).
Bewustzijn van interne emotionele ervaringen wordt beschouwd als een voorwaarde voor het 










situatie. Middels zelfrapportage over registratie, herkennen, en benoemen van interne emotionele 
toestanden is het mogelijk om zicht te krijgen op het emotionele bewustzijn.
Sociaal- emotionele responsiviteit
In de studie beschreven in hoofdstuk 4 werd gemeten of  jongvolwassenen met- en zonder ASS 
verschillen in emotionele responsiviteit in een sociaal-emotionele context (tijdens het bekijken 
van zeer emotionele filmpjes). Onder emotionele responsiviteit wordt fysieke arousal verstaan (ge-
meten met SCL) en emotioneel bewustzijn (gemeten met zelfrapportage). Om te controleren of  
de participanten wel voldoende aandacht hadden voor de betekenisvolle sociale cues in de sociaal-
emotionele filmpjes, werd sociale aandacht gemeten middels eye tracking. Er werd geen verschil 
in sociale aandacht of  reactiviteit (het verschil in arousal in reactie op een neutrale stimulus en 
een emotionele stimulus) gevonden tussen de jongvolwassenen met ASS en hun leeftijdsgenoten. 
Echter, zowel tijdens neutrale stimuli als tijdens verwerking van de sociaal- emotionele betekenis-
volle informatie werd een lagere arousal gevonden bij de jongvolwassenen met ASS. Bovendien 
bleken minder fixatie op gezichten en lagere arousal geassocieerd te zijn met een hogere mate van 
zelfgerapporteerde autisme symptomen. Ondanks de kleine groepsverschillen kan dit verschil 
worden beschouwd als een indicatie dat een lagere aandacht voor essentiële sociale informatie 
(gezichten) en een lagere arousal samenhangen met moeite in de afstemming op sociale situaties, 
aangezien er samenhang is met de ernst van aanwezigheid van autisme kenmerken. Er werden 
grote individuele verschillen gevonden binnen de autisme groep, waardoor er geen definitieve 
conclusies getrokken kunnen worden over de verbanden tussen autisme symptomen enerzijds, 
en arousal en aandacht anderzijds. Opvallend was dat de jongvolwassenen met autisme zelf  ook 
aangaven dat ze minder emoties ervaarden dan hun leeftijdsgenoten (emotioneel bewustzijn), 
wat overeen bleek te komen met hun arousal niveau.
Emotieregulatie en sociale stress
In hoofdstuk 5 wordt een onderzoek beschreven waarbij de vraag is of  jongvolwassenen met 
autisme anders reageren tijdens een sociale stressvolle taak dan leeftijdgenoten zonde autisme. 
Om dit te onderzoeken werd een stressvolle situatie gecreëerd waarbij de student een webcam-
presentatie in het Engels moest geven aan een individu die zich voordeed als een internationaal 
jurylid. Achteraf  werden de jongvolwassenen bevraagd over hun emotioneel bewustzijn tijdens 
de taak. Uit de HR resultaten bleek dat de toename van stress in deze situatie voor beide groepen 
gemiddeld even groot was. De HRV reactiviteit bleek echter significant anders voor jongvolwas-
senen met autisme. Zoals verwacht vertoonde hun autonome zenuwstelsel minder controle (door 
middel van het verlagen van de HRV) op de veranderende situatie van ontspannen naar stressvol. 
Aangezien de jongvolwassenen met autisme geen afwijkend bewustzijn van emotionele reactie 
rapporteerden, werd geconcludeerd dat afwijkende regulatie van het autonome zenuwstelsel bij 
jongvolwassenen met autisme ten grondslag kan liggen aan afwijkend emotioneel bewustzijn, wat 














Op basis van de bevindingen in hoofdstuk 4 en 5 concluderen we dat er aanwijzingen zijn 
dat voor veel jongvolwassenen met ASS het autonome zenuwstelsel onvoldoende adaptief  is in 
reactie op sociaal betekenisvolle informatie uit de omgeving, vergeleken met leeftijdsgenoten. 
Dit kan tot gevolg hebben dat er in het dagelijks sociaal functioneren te weinig informatie is om 
adaptief  te navigeren, hetgeen gevolgen kan hebben voor de beleving van een sociale situatie en 
voor kwaliteit van leven.
Conclusie
In het huidige proefschrift werd de vraag gesteld of  studenten met ASS hun kwaliteit van leven 
anders ervaren dan leeftijdgenoten zonder autisme. Daarnaast werd onderzocht of  cognitieve re-
gulatieprocessen en emotieregulatie gerelateerd zijn aan problemen in het sociale functioneren in 
deze groep jong volwassenen in het hoger onderwijs. Op basis van onze bevindingen kan worden 
geconcludeerd dat ondanks hun bovengemiddelde tot hoge intelligentie, kwaliteit van leven lager 
is onder jongvolwassenen met ASS dan bij leeftijdsgenoten. Studenten met Autisme ervaren een 
lagere kwaliteit van leven op verschillende gebieden zoals stemming, relaties en fysieke conditie. 
Er zijn relaties gevonden tussen dagelijks, executief  functioneren en zowel subjectieve als objec-
tieve kwaliteit van leven (academische voortgang) onder jongvolwassenen met ASS. Daarnaast 
bleek de fysiologische regulatie van emotie minder ondersteunend voor adaptief  vermogen bij 
jongvolwassenen met ASS in vergelijking met hun leeftijdsgenoten. Er werd geconcludeerd dat 
moeilijkheden in sociaal gedrag bij ASS mogelijk door afwijkende fysiologische regulatie worden 
veroorzaakt.
limitaties en aanbevelingen voor vervolgonderzoek
Bij het interpreteren van de resultaten van dit proefschrift moet rekening gehouden worden met 
een aantal limitaties. Zo is het een limitatie van dit onderzoek dat niet alle potentieel belangrijke 
domeinen voor kwaliteit van leven zijn geëvalueerd. Andere factoren zoals temperament, como-
rbiditeit, en sociale ondersteuning kunnen de subjectieve en objectieve kwaliteit van jongvolwas-
senen met ASS beïnvloeden. Sommige van deze factoren zijn niet gemeten in ons onderzoek, 
en sommige zijn niet meegenomen in de analyses omdat het combineren van al deze factoren in 
de analyse een veel groter aantal proefpersonen vereist voor zinvolle en repliceerbare resultaten. 
Bovendien kunnen bij de fysiologische onderzoeken bepaalde variabelen de metingen hebben 
beïnvloed, zoals lichaamsbeweging en gewicht (waarvan gesuggereerd is dat ze HRV beïnvloeden 
(Barutcu et al., 2005; Rennie et al., 2003)). Deze variabelen zijn niet gemeten in ons onderzoek. In 
de hier beschreven onderzoeken werd echter wel rekening gehouden met bekende ruisfactoren 
zoals medicatiegebruik en leeftijd. Ook werd, in tegenstelling tot de meeste andere fysiologie 
onderzoeken, de aandacht van de proefpersonen tijdens de stimuluspresentatie gevolgd. Op deze 
manier konden we vaststellen dat een potentieel afwijkende fysiologische reactie in de ASS groep 











Daarnaast lag in deze thesis de focus op sociaal gedrag als een belangrijke factor in het dagelijks 
leven van jongvolwassenen met ASS, terwijl andere kernsymptomen van autisme, zoals gevoelig-
heid en rigiditeit, niet werden onderzocht. Gezien sociale relaties steeds belangrijker worden 
op in de adolescentie , werd aangenomen dat dit een bepalende factor is voor hun kwaliteit van 
leven.
Ten slotte werd een smal gedefinieerde groep van jongvolwassenen met ASS en bovengemid-
delde tot hoge intelligentie onderzocht. Veel jongvolwassenen met autisme en (boven) gemiddelde 
intelligentie gaan niet naar het hoger onderwijs en ontvangen evenmin dezelfde ondersteuning. 
Dit beperkt de generaliseerbaarheid van onze resultaten.
In dit onderzoek werden grote individuele verschillen wat betreft reactiviteit van het auto-
nome zenuwstelsel onder de jongvolwassenen met autisme gevonden. Eerder onderzoek heeft 
aangetoond dat met betrekking tot de reactie van het autonome zenuwstelsel (bijvoorbeeld 
HRV baseline; Kuiper, Verhoeven & Geurts, 2017) subgroepen kunnen worden gemaakt onder 
volwassenen met ASS. Om onderliggende mechanismen van sociaal gedrag beter te kunnen 
begrijpen en gepersonaliseerde behandelingen te verbeteren, is meer van dergelijk onderzoek 
nodig. In de toekomst moet worden vastgesteld of  onze bevinding van atypisch functioneren 
van het autonome zenuwstelsel kunnen worden gerepliceerd in sociaal-emotionele contexten 
bij jongvolwassenen met ASS. Dit geldt in het bijzonder voor HRV reactiviteit, aangezien de 
groeiende kennis over HRV als marker voor problematische fysiologische regulering en gedrag 
veelbelovend zijn voor het voorspellen van de ontwikkeling van psychopathologie en voor de 
evaluatie van behandelingen. Het zou interessant zijn om te kijken hoe verschillende patronen 
van ANS reactiviteit samenhangen met sociale gedrag bij autisme.
Ondanks de bovengenoemde beperkingen zijn we er zeker van dat geconcludeerd kan worden 
dat kwaliteit van leven en zelfregulerende vaardigheden laag zijn onder jongvolwassenen met ASS 
in vergelijking met hun TD-leeftijdsgenoten, wat tot een aantal implicaties leidt.
Implicaties voor jongvolwassenen met ass in het hoger onderwijs
Kwaliteit van leven
Uit de resultaten beschreven in hoofdstuk 2 bleek dat jongvolwassenen met ASS een lagere sub-
jectieve kwaliteit van leven ervaren. Terwijl in het algemeen specifieke training van verschillende 
vaardigheden nuttig blijken in het verbeteren van het dagelijks functioneren, kunnen andere 
(minder verbale) interventies zoals mindfulness en creatieve therapie mogelijk van waarde zijn 
in het verminderen van stress en het verbeteren van de kwaliteit van leven. Zo is onder jongeren 
met ASS aangetoond dat wekelijkse groepssessies van mindfulness-training voor een toename 
van kwaliteit van leven en een afname van ruminatie (het herhaaldelijk langdurig denken over/of  
herkauwen van gevoelens en problemen) kan zorgen (de Bruin et al., 2015).
Daarnaast werd in hoofdstuk 2 aangetoond dat de jongvolwassenen met autisme grotere 
tevredenheid rapporteerde met betrekking tot het subdomein ‘woonsituatie’ binnen kwaliteit 














Stumass huizen zorgt voor een veilige en controleerbare omgeving waar execeutieve functies 
die op dat momenten nodig zijn ondersteund worden, of  zelfs helemaal overgenomen kunnen 
worden. In de Stumass huizen zijn begeleiders beschikbaar die de behoeften van de jongeren 
ondersteunen, en de woningen zijn uitgezocht of  aangepast op basis van autisme kenmerken 
zoals overgevoeligheid voor geluiden en behoefte aan functionaliteit. Dit is in overeenstemming 
met eerdere onderzoek (Kamp-Becker et al., 2010; Renty en Roeyers, 2006), waarin het belang 
voor individuen met ASS om te leven in een omgeving waar nabije ondersteuning beschikbaar 
is aangetoond werd.
Executieve functies
Uit de resultaten beschreven in hoofdstuk 2 en 3 bleek dat executief  functioneren een belangrijke 
rol speelt in zowel de subjectieve als de objectieve kwaliteit van leven (academische voortgang) 
van jongvolwassenen met ASS. Jongvolwassenen met autisme die problemen ervaren in het dage-
lijks functioneren zouden gemakkelijk toegang moeten kunnen krijgen tot hulp van professionals 
met expertise op het gebied van neurocognitie. Tijdens psycho-educatie voor individuen met au-
tisme van alle leeftijden zouden interacties tussen zelfregulatie en kwaliteit van leven verduidelijkt 
kunnen worden, en opties aangeboden moeten worden voor ondersteuning van adaptief  func-
tioneren tijdens verschillende fasen van de ontwikkeling. Bijvoorbeeld het trainingsprogramma 
voor executief  functioneren ‘Unstuck and On Target’ toont veelbelovende resultaten voor het 
verbeteren van planning/ organisatie, flexibiliteit en probleemoplossend vermogen bij ASS. On-
derzoek toont meer verbeteringen op deze gebieden bij kinderen met ASS na behandeling met 
dit programma, in vergelijking met een behandeling voor sociale vaardigheden (Kenworthy et al., 
2014). Inzicht in de lange termijn effecten ontbreekt echter, en meer onderzoek is nodig om het 
nut van het programma voor jongvolwassenen met ASS en bovengemiddelde tot hoge intelligen-
tie te bepalen. Ook blijkt dat executieve functies bij studenten met ASS in het hoger onderwijs 
verbeterd kan worden door meer probleemoplossende en doelmatige vaardigheden aan te leren 
(zie bijvoorbeeld het Stepped Transition in Education Program for students with ASD (STEPS; White 
et al. 2017)). Ten slotte lijkt voor het verbeteren van cognitieve flexibiliteit bij personen met ASS 
virtual reality training een veelbelovende nieuwe optie (Parsons & Mitchell, 2002).
Voortbordurend op de resultaten van de studie besproken in hoofdstuk 3, zou het verbeteren 
van executieve functies leiden tot verbetering van de academische voortgang bij jongvolwassenen 
met een bovengemiddelde tot hoge intelligentie en ASS. Steungroepen voor ASS studenten, met 
wekelijkse bijeenkomsten waarin o.a. de uitdagingen die de studenten tegenkomen in het hoger 
onderwijs besproken worden, blijken effectief  voor het vergroten van academisch voortgang 
(Hillier et al., 2018).
Emotieregulatie
Uit hoofdstuk 3 en 4 bleek dat de fysiologie tijdens emotieregulatie van jongvolwassen met autisme 










gedaan naar de fysiologie tijdens emotieregulatie onder volwassenen met autisme, is er ten eerste 
is meer onderzoek nodig. De focus zou moeten liggen op het ontwarren van mogelijk onderlig-
gende mechanismen van afwijkend sociaal gedrag (bijvoorbeeld het suboptimaal functioneren 
van het autonome zenuwstelsel, alexithymie, of  een levenslange opbouw van stress) bij ASS. Uit 
de resultaten in hoofdstuk 2 en 5 bleek emotiebewustzijn lager bij jongvolwassenen met ASS dan 
bij hun leeftijdsgenoten. Voor het verbeteren van emotioneel bewustzijn kan emotieregulatie-
training zoals cognitieve gedragstherapie nuttig zijn, om vaardigheden te verbeteren in het praten 
over en het veranderen van gedachten bij emoties (Scarpa & Reyes, 2011).
In sommige gevallen kunnen farmacologische interventies met specifieke dopamine-antago-
nisten, zoals risperidon, helpen in het verminderen van de ervaring overweldigd te worden door 
stimuli. Dopamine- agonisten, zoals methylfenidaat, ondersteunen in situaties die om cognitieve 
remming en flexibiliteit vragen, door de functionaliteit van de prefrontale cortex te beïnvloeden 
en worden daarom verondersteld het basis functioneren bij kinderen met ASS te verbeteren 
(Pearson et al., 2013; Sturman et al., 2017). Hier geld echter ook dat de lange termijn effecten van 
het gebruik van methylfenidaat nog niet bekend zijn en er daarom meer onderzoek nodig is. Een 
van de belangrijkste mechanismen achter effectieve behandelingen voor ASS in het algemeen kan 
verbetering van zelfregulatie zijn. Het zou heel interessant zijn om het effect van bijvoorbeeld 
mindfulness training op HRV-reactiviteit te onderzoeken.
Tot slot werd in hoofdstuk 2 een negatieve relatie tussen leeftijd en subjectieve kwaliteit van 
leven gevonden in de ASS groep. We hypothetiseren dat deze bevinding een toenemend bewust-
zijn van lagere subjectieve kwaliteit van leven weerspiegeld onder jongvolwassenen met autisme 
tijdens de jonge volwassenheid. Als zodanig benadrukt ons onderzoek de behoefte aan meer 
aandacht voor kwaliteit van leven bij jongvolwassenen door zowel ouders, leerkrachten, clinici en 
jongvolwassenen met ASS zelf.
Zoals in het voorbeeld van de student waar bij elke nieuwe sociale situatie voorgaande erva-
ringen door zijn hoofd ‘flippen’, kan een levenslange opbouw van negatieve sociale ervaringen 
ertoe leiden dat jongvolwassenen met ASS zich uitgeput en overvraagd voelen. Zelfs diegenen 
die succesvol functioneren in het hoger onderwijs geven aan lagere subjectieve kwaliteit van leven 
te ervaren dan hun leeftijdgenoten. De resultaten uit dit proefschrift zouden onderzoekers en 
clinici aan kunnen sporen om interventies te ontwikkelen ter verbetering van executieve functies 
en emotieregulatie in ASS. Als de zelfregulatie en de kwaliteit van leven van jongvolwassenen met 















Once one has learnt to pay attention to the characteristic manifestations of  autism, one realizes 
that they are not at all rare. – Hans Asperger
Dit proefschrift is een uiting van mijn nieuwsgierigheid naar autisme. Al sinds ik, nog op de 
middelbare school, the Curious Incident of  the Dog in the Night-Time van Mark Haddon las, ben ik 
geboeid door deze ontwikkelingsstoornis. Autisme leek me iets wat van een andere planeet komt, 
met andere sociale normen en waarden dan de onze, waardoor de mensen die het hebben vaak 
grappig reageren. Toen ik ouder werd leerde ik echter ook dat heel veel mensen ‘autistische’ trek-
ken vertonen, en dat sommige van die trekken door anderen als vervelend worden beschouwd. 
Mensen met autistische trekken of  autisme worden vaak als ‘anders’ of  ‘onaangepast’ gezien, 
terwijl veel mensen met autisme helemaal de intentie niet hebben om zich anders dan anderen 
te gedragen. De studenten die ik bij Stumass heb leren kennen bleken naast heel intelligent vaak 
ook verfrissend oprecht, eerlijk en komisch. Ik heb vele bijzondere, openhartige, goede maar 
soms ook frustrerende gesprekken gevoerd met verscheidene studenten. Die gesprekken zijn 
een enorme bron van inspiratie voor mij geweest om onderzoek te doen naar deze mysterieuze 
stoornis. Mijn dankwoord wil ik dan ook in eerste instantie richten aan de studenten. Zij van 
Stumass die mee hebben gedaan aan dit onderzoek, bedankt voor jullie tijd en inzet! Maar ook 
aan diegenen die ik gedurende mijn loopbaan bij JADOS heb leren kennen: ik heb veel van jullie 
geleerd.
Dan wil ik graag diegenen bedanken die mij helemaal aan het begin van dit traject deze kans 
gaven; Femke Wessels, Johan Veenman, prof. dr. Hanna Swaab en prof. dr. Wouter Staal. Femke, 
jouw kennis, onderzoekende houding, aandacht en vertrouwen in mij betekenden veel voor me 
tijdens de start van mijn carrière. Johan, jouw ideeën over autisme en ondersteuning inspireerden 
me en je kritische houding hielp me om te focussen. Prof. dr. Swaab, beste Hanna, ik wil jou 
graag bedanken voor alle inspirerende bijeenkomsten bij jou thuis en op de universiteit Leiden, 
voor het delen van je waardevolle kennis, en voor je aansporingen om het beste uit dit traject 
te halen. Prof. dr. Staal, beste Wouter, jou zou ik graag willen bedanken voor de waardevolle 
gesprekken die we hebben gevoerd, en je adviezen op allerlei leefgebieden. Ik vond het erg fijn 
toen jij, tegen het einde van mijn traject, een leerstoel in Leiden kreeg en ik je makkelijker op kon 
zoeken. Dr. Ziermans, Tim, jou wil ik bedanken voor de (broodnodige!) dagelijkse begeleiding 
en ondersteuning die je mij gaf  als co- promotor. Dat ik bij jou altijd aan kon kloppen met wat 
voor probleem dan ook, van analyse vragen tot een teleurstellende afwijzing, was zeer waardevol 
voor me. Ook wil ik graag de leden van de leescommissie bedanken; prof. dr. Maretha de Jonge, 
prof. dr. Carolien Rieffe, prof. dr. Hilde Geurts, prof. dr. Jos Egger, prof. dr. Lieuwe de Haan, 
en dr. Kristiaan van der Heijden, dank voor jullie tijd en inzet om het mij mogelijk te maken dit 
proefschrift te verdedigen.
Dan wil ik graag mijn collega’s aan de universiteit Leiden bedanken. Marije en Andrea, wat was 







en Petra, voor de vrolijke noot op de afdeling en de heerlijke tijd die we (samen met Hanna) 
hebben gehad in Genéve. Ook Elize, Jantiene, Lisette, Laura, Roxanne, Dide, Nienke, Evelien, 
Kimberley, Malou, Nikki, Carlijn, Elisa en Quirine,  het was fijn om op jullie te kunnen rekenen 
en lief  en leed te kunnen delen! In het bijzonder wil ik mijn collega Emine bedanken. Emine, your 
energy, enthusiasm, way too fast information processing speed, humor and interest for neurophysiological testing 
and analysis were not only indispensable to me but also for the Stumass project. You have made this project so 
much more fun for me and I hope we never lose sight as friends and colleagues. And that I get to visit you sometime 
when you’re a prof  in the USA!
Gedurende mijn promotietraject kon ik in mijn privéleven rekenen op de steun van bijzondere 
vrienden en collega’s. Ik weet nog goed dat ik aan mijn dispuutsgenoten van Undara vertelde dat 
ik zou gaan promoveren. Vanaf  dat moment werd ik door velen dr. Dijkhuis genoemd en ik ben 
blij dat ik die titel eindelijk mag gaan verdedigen.
Lieve bijna-dokter Jo en uber-doctor Suus, jullie waren echt mijn rots in de branding. Met alle 
gedeelde ervaringen rondom studeren, in het buitenland wonen, promoveren, feesten, maar ook 
de minder leuk gebeurtenissen hebben we echt een bijzondere vriendschap. Pomme en Kris, jullie 
zijn de mooiste en meest bijzondere power vrouwen die ik ken, ik ben blij dat we het bijna nooit 
over promoveren hadden- en wél over alle andere belangrijke dingen in het leven. Jullie zijn een 
belangrijke spiegel voor mij en helpen me om het juiste pad te bewandelen. Maartje en Gina, wat 
ben ik blij dat we nog in elkaars leven zijn en wat vind ik het tof  om jullie te hebben zien groeien 
en ontwikkelen tot de fantastische vrouwen die jullie nu zijn. Emiel, in dit dankwoord kunnen jij 
en je lieve familie en vrienden niet ontbreken. Jouw onvoorwaardelijke positieve instelling, liefde, 
én gekkigheden hebben me gesteund en doen groeien in een belangrijke periode van mijn leven. 
Dan zijn er nog vele fantastische vrienden en familie die ik vast wil bedanken voor de avonturen 
en ondersteuning tijdens deze jaren, maar niet allemaal kan benoemen, waaronder Henk en Cilia, 
Bas en Liza, Fons, Roos en Michiel, Rachel en Josy, Maartje en Nick en iedereen uit de Fissatron 
groep. Ik hoop dat we snel met elkaar kunnen proosten!
Ook mijn Stumass collega’s Savannah, Maartje, Kirsten, Adinda, Elles, Hanne, Karin, Robbert, 
Eelke, Nina, Nytka, Willem en Nora wil ik graag bedanken. Voor jullie betrokkenheid en behulp-
zaamheid, dat jullie me bij de les hielden bij Stumass, en omdat ik veel van jullie heb geleerd over 
autisme en het begeleiden van studenten.Mensen zoals jullie zijn onmisbaar in de zorg en door 
jullie heb ik altijd met veel plezier bij JADOS gewerkt!
Dat ik überhaupt ooit aan een promotietraject ben begonnen was nooit mogelijk geweest zonder 
mijn fantastische ouders. Lieve papa en mama, Guus en Antoinette, jullie stonden er niet bij om 
mijn handje vast te houden, maar door jullie opvoeding ben ik altijd met veel vertrouwen en 
onverschrokkenheid de wereld tegemoet getreden. Van jongs af  aan besef  ik al dat ik bof  met 











Larissa, doordat wij zulke tegenpolen zijn heb ik onwijs veel van jou geleerd. Als ik jou niet als 
zus had gehad was ik sowieso een minder leuk mens geworden. Ik kan niet wachten totdat onze 
kleintjes samen kunnen spelen.
Ten slotte, Jorik. Je vraagt je nu ondertussen waarschijnlijk af  waarom ik niet het hele dankwoord 
aan jou gewijd heb. Los van het feit dat jij zelf  nul interesse hebt in promoveren of  een dergelijke 
titel behalen, ben je de grootste en belangrijkste steun in mijn leven. Ik vraag me nog steeds vaak 
af  hoe wij zo lang vrienden hebben kunnen zijn, en nu zó verliefd op elkaar. Een lofzang aan 
onze liefde en jouw persoonlijkheid is voor tijdens een andere gelegenheid, voor nu volstaat om 
te zeggen dat ik hoop dat ons leven samen straks nog net zo fantastisch leuk is als vóórdat we 















Renée Dijkhuis werd op 17 mei 1989 geboren in Arnhem. In 
2007 heeft zij haar vwo-diploma behaald aan het SG Pantarijn 
te Wageningen. Hierna is zij verhuisd naar Amsterdam om aan 
de Universiteit van Amsterdam (UvA) de bachelor klinische 
ontwikkelingspsychologie te volgen. Tijdens haar studie was 
Renée actief  als sociaal begeleider van een veertienjarige jon-
gen gediagnosticeerd met het Asperger syndroom en ADHD, 
als vrijwilliger voor de Stichting Vakanties Autisme (SVA), als 
student in de sectie Schoolpsychologie van het SPS-NIP en 
als onderzoeksassistent op een onderzoek naar de effectiviteit 
van een training voor adolescenten met ADHD. In 2011 begon Renée aan de Research Master 
Psychologie aan de UvA. In datzelfde jaar startte zij als woonbegeleider bij Stumass (Studeren 
Met een Autisme Spectrum Stoornis), waar zij studenten met autisme die hoger onderwijs volgen 
begeleidde. Na een stage bij een GZ-psycholoog aan het Aurum College te Lelystad (middel-
bare school havo/vwo niveau voor kinderen met autisme) solliciteerde Renée voor een traject 
als onderzoeker bij de wetenschappelijke raad van Stumass. In overleg met haar toekomstige 
promotoren besloot zij de overstap te maken naar afdeling Neuropedagogiek en Ontwikkelings-
stoornissen van de Universiteit Leiden om tijdens haar afstuderen te starten met ‘het Stumass 
onderzoek’. Hier rondde Renée in 2013 de Research Master Pedagogiek afstudeerrichting 
Developmental Psychopathology in Education and Child Studies af, en tegelijkertijd de master Klinische 
Ontwikkelingspsychologie aan de UvA. Na een jaar als onderzoeksassistent te hebben gewerkt 
werd Renée in 2014 als promovendus aangesteld bij de Universiteit Leiden. Gedurende haar 
promotieonderzoek is zij blijven werken als woon- en ambulant begeleider bij Stumass en IVA 
(In Voor Autisme). Onder begeleiding van prof. dr. Hanna Swaab, prof  dr. Wouter Staal en dr. 
Tim Ziermans heeft zij tot eind 2018 onderzoek gedaan naar kwaliteit van leven en gerelateerde 
factoren van Stumass studenten- en leeftijdsgenoten zonder autisme. Gedurende haar onderzoek 
is Renée actief  geweest als vrijwilliger voor War Child Holland, als fundraiser tijdens de Kili-
Challenge en als facilitator bij Team Up (sport- en spel activiteiten voor vluchtelingenkinderen op 
het AZC). Nadat haar contract aan de Universiteit Leiden in 2018 eindigde, heeft Renée zich als 
vrijwilliger ingezet voor Dokters van de Wereld op het psychosociale ondersteuningsspreekuur 
voor ongedocumenteerden en op vluchtelingenkamp Moria op Lesbos, Griekenland in het psy-
chosociaal team van Boat Refugee Foundation. In 2019 startte Renée met twee nieuwe functies; 
als kinderpsycholoog bij het Mobiel Crisis Team jeugd van Arkin en bij ARQ kenniscentrum 
Impact voor Rampen en Crises. Momenteel werkt Renée met veel plezier als beleidsadviseur en 
onderzoeker bij Impact, waar zij zich onder andere bezighoudt met psychosociale hulpverlening 
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